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Cardiac Catheterization Laboratory and a 24-Hour/Day
In-Hospital Interventional Cardiology Team on

Treatment Times (Door to Balloon and Medical Contact
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The incremental benefit of emergency medical services (EMS) activation of the cardiac
catheterization laboratory (CCL) for ST-elevation myocardial infarction (STEMI) in the
setting of an established in-house interventional team (IHIT) is uncertain. We evaluated
the impact of EMS activation on door-to-balloon (D2B) time and first medical contact-to-
balloon (FMC2B) time for STEMI when coupled with a 24-hour/day IHIT. All patients
presenting with STEMI to Loyola University Medical Center had demographic, proce-
dural, and outcome data consecutively entered in a STEMI Data Registry. From 223 con-
secutive patients presenting between April 2009 and December 2015, a retrospective
analysis was performed on 190 patients. Patients were divided into 2 groups depending on
CCL activation mode (EMS activation or emergency department activation) and STEMI
treatment process times were compared. The primary end point was D2B process times.
The secondary end point was FMC2B process times in a subgroup analysis of EMS-trans-
ported patients. D2B times were shorter (37 § 14 minutes vs 57 § 27 minutes, p < 0.001)
with EMS activation. Subgroup analysis of EMS-transported patients demonstrated
shorter FMC2B times with EMS activation (52 § 17 minutes vs 67 § 32 minutes,
p = 0.002). EMS activation was the only predictor of D2B ≤60 minutes in multivariable
analysis of EMS-transported patients (odds ratio 9.4; 95% confidence interval 2.1 to 43.0;
p = 0.04). In conclusion, EMS activation of the CCL in STEMI was associated with
significant improvements in already excellent D2B and FMC2B times even in the setting
of a 24-hour/day IHIT. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol
2019;124:39−43)
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Despite the improvement in D2B over the last decade,
many argue that the D2B time threshold of <90 minutes
no longer represents a meaningful goal for system
improvement.1 As such, opportunities for reducing total
ischemic time have become the focus of providers, hospital
systems, professional societies, and the Cardiology commu-
nity. A major area of focus in further reducing ischemic
time has centered on involvement of providers outside the
hospital setting, namely emergency medical services
(EMS).2,3 Recent studies have demonstrated a role for EMS
in the reduction of D2B and total ischemic time and, most
importantly, the improvement of outcomes in patients with
ST-elevation myocardial infarction (STEMI).3−6 Another
mechanism to reduce total ischemic time is an in-house
interventional team (IHIT) adopted at a few centers within
the United States.7,8 The incremental benefit of EMS acti-
vation of the cardiac catheterization laboratory (CCL) in
reducing total ischemic time in the setting of an established
24-hour/day IHIT is uncertain. We sought to determine
whether EMS activation reduces both D2B and total ische-
mic time in STEMI compared with emergency department
activation, even when coupled with an IHIT program. Our
secondary aim was to identify system and patient level
factors associated with a D2B ≤60 minutes.
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Figure 1. STEMI patients identified and included in analysis. CCL = car-

diac catheterization laboratory; PCI = percutaneous coronary intervention;

STEMI = ST-elevation myocardial infarction.
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Methods

In April 2009, Loyola University Medical Center devel-
oped the Heart Attack Rapid Response Team, a novel IHIT
consisting of a 24-hour/day in-hospital CCL nurse, techni-
cian, and interventional cardiologist, along with, institu-
tional review board approval to create an STEMI Data
Registry to collect demographic, procedural, and outcome
data for all patients presenting with STEMI. Patients who
were transferred from an outside facility, did not undergo
percutaneous coronary intervention (PCI) within 24 hours
of symptom onset, required emergency coronary artery
bypass grafting, expired without PCI, or were previously
hospitalized at the time of symptom onset were excluded.
Exclusions due to non−system-related delays in treatment
were documented in all patients, including delays related to
intubation, cardiac arrest, consent, additional diagnostic
testing, and/or procedural-related issues.

The STEMI Data Registry also included source documen-
tation of times for key workflow steps in the D2B
process. The D2B process could then be analyzed by calcu-
lating workflow intervals for (1) door-to-cardiac catheteriza-
tion laboratory procedural arrival (D2CCL), (2) CCL
procedural arrival-to-balloon or other device placement in
the culprit vessel (CCL2B), and (3) overall D2B time. First
medical contact-to-door (FMC2D) and FMC2B times were
also calculated in an effort to more effectively assess the total
ischemic time. First medical contact was defined as the time
of off-site EMS arrival for patients brought to the hospital by
EMS and as ED arrival time for walk-in patients. EMS run
sheets were reviewed to obtain off-site EMS arrival times.
EMS activation of the CCL was based on obtaining a 12-lead
electrocardiogram (EKG) prehospital, with confirmation of
the diagnosis of STEMI resulting in a group page to the IHIT
team before the patient’s arrival to the ED.

Data were collected retrospectively on 223 patients
entered into the registry between April 2009 and December
2015. Patients were divided into 2 groups by the mode of
activation of the CCL, either by EMS activation or by ED
activation. Process times for STEMI treatment were first
compared between groups involving all patients, specifi-
cally including those patients with STEMI who were ED
“walk-ins.” Initial analysis included D2CCL time, CCL2B
time, and D2B time, with D2B time being the primary end
point to assess whether there was any impact of EMS acti-
vation on D2B time in the setting of an IHIT system. A sec-
ondary analysis of only EMS-transported patients was
performed to compare the effect of mode of activation
(EMS activation or ED activation) on total ischemic time
by measuring FMC2D time and FMC2B time. The purpose
of this secondary analysis was to isolate any potential
impact of activation mode (EMS vs ED) on total ischemic
time with an IHIT system. Exclusion of “walk in” patients
effectively eliminated transportation mode (EMS vs “walk-
in”) as a variable and also negated the effect of “walk-in”
patients inherently having a later first medical contact time.

Data are presented as mean § standard deviation for
continuous variables and as counts and percentages for cat-
egorical variables. The difference in continuous variables
between groups was determined using an independent sam-
ples t test for normally distributed variables and a Wilcoxon
rank-sum test for variables that were not normally distrib-
uted. Differences between groups for categorical variables
were determined using a Pearson chi square test for associa-
tion or a Fisher’s exact test when expected cell counts were
low. Univariable and multivariable logistic regression mod-
els were used to identify predictors for a D2B time ≤60
minutes. The multivariable analysis initially controlled for
activation type, off-hours presentation, diabetes, previous
PCI, and chest pain as the primary presenting symptom.
However, only activation type and chest pain remained in
the model after model fit was considered. Akaike informa-
tion criterion was used to evaluate model fit for the multi-
variable model. All analyses were 2-tailed with statistical
significance set at p < 0.05 and used SAS Version 9.4
(Cary, North Carolina) statistical software.
Results

Two hundred and twenty-three consecutive patients
between April 2009 and December 2015 were considered for
the analysis. A sample of 190 consecutive patients was ulti-
mately included after the aforementioned exclusion criteria
were considered (Figure 1). The baseline characteristics of
these patients are displayed in Table 1 and were similar
between both patient groups with the exception being that
the EMS-activated group was more likely to have chest pain
as the primary presenting symptom (96% vs 84%, p = 0.03).

As displayed in Figure 2, D2B times were significantly
shorter (37§ 14 minutes vs 57§ 27 minutes, p < 0.001) when
EMS activated the STEMI system. This benefit was related
to a significant reduction in D2CCL time (10 § 8 minutes
vs 29 § 26 minutes, p < 0.001) indicating more expeditious
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Table 1

Patient characteristics by mode of activation

Variable EMS (n = 48) ED (n = 142)

Age (years), mean (SD) 63 § 12a 61 § 12a

Female 11 (23%) 47 (33%)

Prior percutaneous coronary intervention 12 (25%) 19 (13%)

Prior coronary bypass 2 (4%)b 12 (9%)b

Prior myocardial infarction 7 (15%) 14 (10%)

Diabetes mellitus 13 (27%) 47 (33%)

Hypertension 30 (63%) 100 (70%)

Dyslipidemia 30 (63%) 104 (73%)

Tobacco 28 (58%) 80 (56%)

Off-hours 27 (56%) 87 (61%)

Anterior myocardial infarction 20 (42%) 58 (41%)

Chest pain as presenting symptom 46 (96%)b,* 118 (84%)b,*

ED = emergency department; EMS = emergency medical services;

n = number.

Hypertension was defined as a history of diagnosed hypertension or tak-

ing antihypertensive medication; dyslipidemia was defined as a history of

diagnosed dyslipidemia or taking lipid-lowering medication; off-hours was

defined as weekends and weeknights between 5 P.M. and 7 A.M.

Significance determined using chi-square test unless otherwise noted by

(a) independent samples t test or (b) Fisher’s exact test.

p Values were nonsignificant unless otherwise noted by *0.03.

Table 2

Patient characteristics by mode of activation—EMS-transported patients

only

Variable EMS (n = 48) ED (n = 69)

Age (years), mean (SD) 63§ 12a 62 § 13a

Female 11 (23%)* 30 (43%)*

Prior percutaneous coronary intervention 12 (25%) 12 (17%)

Prior coronary bypass 2 (4%) 6 (9%)

Prior myocardial infarction 7 (15%) 9 (13%)

Diabetes mellitus 13 (27%) 25 (36%)

Hypertension 30 (63%) 50 (72%)

Dyslipidemia 30 (63%) 48 (70%)

Tobacco 28 (58%) 38 (55%)

Off-Hours 27 (56%) 41 (59%)

Anterior myocardial infarction 20 (42%) 28 (41%)

Chest pain as presenting symptom 46 (96%)b,* 55 (81%)b,*

ED = emergency department; EMS = emergency medical services;

n = number.

Significance determined using chi-square test unless otherwise noted by

(a) independent samples t test or (b) Fisher’s exact test.

p Values were nonsignificant unless otherwise noted by *0.02.
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transport of these patients to the CCL when they arrived to
the hospital. This finding does not appear to be explained
by the in-hospital non−system delay differences between
groups as 14 patients identified with in-hospital delays
were excluded from analysis (Figure 1). The procedure
time reflected by the CCL2B time was not different
between the 2 groups (27§ 12 minutes vs 27 § 12 minutes,
p = 0.78).

A subgroup analysis of only EMS-transported patients
was also performed. By excluding “walk-in” STEMI
patients who did not utilize the EMS system, FMC2B times
could be compared. Among 117 EMS-transported patients,
69 patients had ED activation of the CCL. First medical
contact times were available in 64 of the 69 ED-activated
patients and 43 of the 48 EMS-activated patients.
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Figure 2. Mean time process intervals for ED activated versus EMS acti-

vated—all patients. CCL2B = cardiac catheterization laboratory procedural

arrival-to-balloon; D2B = door-to-balloon; D2CCL = door-to-cardiac cath-

eterization laboratory procedural arrival; EMS = emergency medical serv-

ices; ED = emergency department.
As shown in Table 2, EMS-transported patients with
EMS activation of the CCL were more likely to be male
(77% vs 57%, p = 0.02) and present with chest pain (96%
vs 81%, p = 0.02) compared with EMS-transported patients
with ED activation of the CCL. Table 3 and Figure 3 dis-
play the process times of these 2 groups, including the
FMC2B times, which were significantly shorter when EMS
activated the CCL (52 § 17 minutes vs 67 § 32 minutes,
p = 0.002). Similar to the overall cohort results, this benefit
was driven by more rapid transport of these patients to the
CCL, as the D2CCL time was significantly shorter in the
EMS-activated group compared with the ED-activated
group (10 § 8 minutes vs 26 § 29 minutes, p < 0.001).
There was no difference in the FMC2D time between
groups (14 § 12 minutes vs 14 § 14 minutes, p = 0.83).

Univariable analysis of EMS-transported patients dem-
onstrated that activation type (odds ratio [OR] 11.5; 95%
confidence interval [CI] 2.6 to 51.6; p = 0.01) and chest
pain as the primary presenting symptom (OR 4.3; 95% CI
1.4 to 13.5; p = 0.02) were the only predictors of a door-to-
balloon (D2B) time ≤60 minutes (Table 4). However, after
controlling for chest pain in multivariable analysis of EMS-
transported patients, activation type (OR 9.4; 95% CI 2.1 to
43.0; p = 0.04) was the only predictor of EMS-transported
patients having a D2B time ≤60 minutes (Table 5).
Discussion

The results of our study confirm that EMS activation of
the CCL significantly reduces D2B and total ischemic time
compared with ED activation, even in the setting of a 24/7
IHIT program, where early activation would be expected
to lead to less of an effect due to the 24 hour/day presence of
a catheterization laboratory team. With multivariate regres-
sion, EMS activation of the CCL was associated with a nine-
fold greater likelihood of having a D2B of ≤60 minutes.
These findings highlight the importance of a systems
approach to STEMI management that begins with 12-lead
EKG capabilities for EMS providers and protocols, which



Table 3

Mean time process intervals for EMS-activated versus ED-activated patients in EMS-transported patients only

Time process interval EMS (n = 48) ED (n = 69)

Door to balloon (minutes), mean (SD) 37 § 14a,** 54 § 29a,**

Door to arrival in catheterization lab (minutes), mean (SD) 10 § 8a,** 26 § 29a,**

Catheterization lab arrival to balloon (minutes), mean (SD) (n = 116) 27 § 12 28 § 13

First medical contact to balloon (minutes), mean (SD) (n = 107) 52 § 17a,* 67 § 32a,*

First medical contact to door (minutes), mean (SD) (n = 107) 14 § 12 14 § 14

ED = emergency department; EMS = emergency medical services; n = number.

Significance determined using Independent samples t test with equal variances assumed, or (a) independent samples t test with equal variances not

assumed.

p Values were nonsignificant unless otherwise noted by *0.02 or **<0.01.
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enable these providers to activate the CCL. Our findings
illustrate the clear synergy of EMC catheterization laboratory
activation even when coupled with an IHIT program.

The optimal approach to management of patients with
STEMI has evolved considerably over the past 3 decades.
One way to consider this evolution is to define specific
phases. The initial phase, the PCI development phase, revo-
lutionized our ability to revascularize the culprit artery with
the advent of new technical approaches and pharmacologic
regiments. The D2B time phase arose from a national effort
to reduce in-hospital treatment time with an intent of
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Figure 3. Mean time process intervals for ED activated versus EMS acti-

vated—EMS-transported patients only. ED = emergency department;

EMS = emergency medical services; FMC2B = first medical contact-to-

balloon; FMC2D = first medical contact-to-door.

Table 4

Univariable EMS transport predictors of door-to-balloon time of ≤60
minutes

Variable Odds ratio (95% CI)

Activation type (EMS vs ED) 11.5 (2.6−51.6)**
Off-hours (yes vs no) 1.7 (0.7−4.1)
Diabetes mellitus (yes vs no) 0.8 (0.3−2.1)
Prior percutaneous coronary intervention (yes vs no) 0.8 (0.3−2.2)
Chest pain as presenting symptom (yes vs no) 4.3 (1.4−13.5)*

ED = emergency department; EMS = emergency medical services;

n = number.

Significance determined using logistic regression. Ninety-two patients

had a door-to-balloon time of ≤60 minutes.

p Values were nonsignificant unless otherwise noted by *0.02 or

**0.001.
minimizing in-hospital ischemic time. Emergency physi-
cian activation of the CCL, a single call to activate the
CCL, and the use of real-time data feedback are now well-
described strategies that have been demonstrated to have a
marked widespread effect on national D2B times.9−11 More
recently, STEMI care has shifted toward a systems-of-care
approach with a goal of reducing total ischemic time,2

which has been linked to a reduction in mortality.12 The
incorporation of EMS care outside the hospital into this sys-
tems approach is an example of a community-based effort
aimed to improve total ischemic time in STEMI. An IHIT
designed to rapidly perform primary PCI during both on and
off hours has recently been demonstrated to be an in-hospital
intervention that could substantially reduce total ischemic
time compared with the small, incremental improvements
achieved by current procedural and systems changes. Only a
few programs have been established to explore the proposed
benefits of an IHIT, and we have recently reported 1-year
results from our institution’s 24-hour/day program showing a
57% reduction in D2B time, with effects on hospital resource
utilization and a reduction in subsequent cardiovascular
rehospitalizations.7

We sought to determine the incremental benefit of EMS
activation of the CCL in reducing total ischemic time in
the setting of an already established 24-hour/day IHIT pro-
gram. We hypothesized that earlier activation of the
STEMI system prehospital by EMS personnel may not
have a substantial impact on treatment times if a CCL
team is already on site, as the team may not benefit from
the advance notice if they are not traveling from off site.
If this were the case, then the time, expense, and effort of
obtaining a 12-lead EKG prehospital would provide no
benefit to the care of the STEMI patient in a program such
as this. However, this study demonstrates that EMS activa-
tion of the CCL for STEMI results in a significant further
Table 5

Multivariable EMS transport predictors of door-to-balloon time of ≤60
minutes

Variable Odds ratio (95% CI)

Activation type (EMS vs ED) 9.4 (2.1−43.0)*
Chest pain as presenting symptom (yes vs no) 2.9 (0.9−9.5)

ED = emergency department; EMS = emergency medical services;

n = number.

Significance determined using logistic regression. Ninety-two patients

had a door-to-balloon time of ≤60 minutes. Model p = 0.002.

p Values were nonsignificant unless otherwise noted by *0.004.

www.ajconline.org


Coronary Artery Disease/STEMI EMS Activation 43
improvement in D2B times when coupled with a 24/7
IHIT approach. This benefit was isolated to D2CCL time
and did not affect CCL2B time, suggesting that the incre-
mental benefit of EMS prehospital STEMI activation was
related to avoidance of other in-hospital system delays, as
nonsystem delays were tracked and those patients
excluded from this analysis.13

It is especially important to consider total ischemic time
when measuring the value of out-of-hospital interventions to
reduce D2B. It is possible for an intervention that reduces
D2B time (obtaining an EKG prehospital) to actually delay
transport of patients resulting in no effect or even adverse
effects on total ischemic time. Our data support the idea that
EMS activation of the STEMI system not only improved
D2B time but also improved FMC2B time, a surrogate for
total ischemic time, in the subset of patients transported by
EMS. This was demonstrated in multivariable analysis,
which showed that EMS activation of the STEMI system
was the only factor that predicted a D2B ≤60 minutes. It is
noteworthy that this multivariable analysis controlled for
chest pain; patients with STEMI presenting without chest
pain have been shown to have longer D2B, which has been
attributed to a less certain diagnosis of STEMI.14

This study has several limitations. First, false activation
by EMS was not tracked in this particular study. Second, this
study represents single-center data with relatively small
numbers. However, given the very small number of IHIT
hospitals, there are no larger datasets that can address this
particular question. More importantly, the findings here cor-
roborate previous data demonstrating the benefit of EMS
activation of the CCL, and this is the first study to demon-
strate this benefit when an established 24/7 IHIT is already
in place. Third, we cannot exclude the possibility that preho-
spital activation resulted from a clearer diagnosis of STEMI
in these patients or that prehospital activation was only uti-
lized in patients not requiring additional ED-based diagnos-
tics or treatments. We tried to account for this by tracking
the effect of chest pain as a presenting symptom and by
excluding patients with nonsystem delays from the analysis.
By multivariable analysis, chest pain as a presenting symp-
tom was not significant in predicting D2B time <60 minutes.

EMS activation of the CCL for STEMI patients resulted
in a significant improvement in D2B times even when cou-
pled with a 24-hour/day IHIT approach with excellent base-
line D2B times. Furthermore, EMS prehospital activation
compared with ED activation after EMS transport was asso-
ciated with a shorter FMC2B time. EMS prehospital activa-
tion was the only predictor of D2B time ≤60 minutes in
multivariable analysis. These findings suggest that preho-
spital activation of the STEMI system, even in the setting
of an established IHIT and incorporating the time necessary
for a 12-lead EKG, improves total ischemic time and does
not delay the ability to provide effective reperfusion.
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