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Abstract

Recently the American College of Cardiology and the American Heart Association instituted DTB of
90 minutes or less as a class I recommendation. Since 2006 the percentage of patient meeting this
metric has substantially increased, although research has demonstrated discrepancies in whether
or not this objective is associated with better patient outcome. Here, we reviewed seven studies in
effort to investigate the validity of the 90 minute or less door to balloon time. Our findings suggest
that patient outcome in the setting of acute myocardial infarction is multifactorial, and while the
door to balloon time metric likely has played a role in better patient outcomes it is not the sole
factor in improving mortality rates.
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1. Introduction

683,000 patients in the United States are diagnosed with acute coronary syndrome (ACS) each year. ST eleva-
tion myocardial infarction (STEMI) comprises 25% - 40% of these individuals. The recommended approach of
myocardial reperfusion is percutaneous coronary intervention (PCI) when it can be performed in a timely man-
ner. Compared with other methods such as thrombolytic therapy, PCI reduces the risk of coronary reinfarction,
increases the incidence of coronary patency in a previously infracted artery, as well as decreases the risk of he-
morrhagic stroke associated with thrombolytics [1]. Over the last decade, there has been an emphasis on de-
creasing the door to balloon time (DTB) with the presumption that increased time correlates to increased mortal-
ity. This conclusion was deduced from compelling evidence brought forth by the Global Use of Strategies to
Open Occluded Arteries in ACS as well as analysis from the National Registry of Acute MI. Both of these stu-
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dies showed similar data in that the lowest mortality rate was observed in patients undergoing PCI earlier in their
hospital course. Given the supposed time dependency of survival in patients with STEMI, the American College
of Cardiology and the American Heart Association instituted DTB of 90 minutes or less as a class | recommen-
dation in 2013. Per the new 2013 guidelines, it is emphasized that a decreased DTB is associated with a decrease
in hospital mortality [2].

In 2005 the percentage of patients who had a DTB less than 90 minutes was roughly 45%. Over the years,
secondary to convincing evidence as well as quality improvement initiatives, the percentage of patients achiev-
ing a DTB time of less than 90 minutes is greater than 90%. Despite this remarkable result, it is still questiona-
ble whether the focus and resulting change in DTB has led to a decrease in mortality in our post STEMI/PCI pa-
tient population based on existing research [3].

2. Purpose

The purpose of this study is to investigate whether a 90 minute DTB metric improves patient outcome.

3. Hypothesis

Given the AHA and ACC class | recommendation of a DTB of less than or equal to 90 minutes we hypothesize
that review of current data should show that a more rapid time to coronary artery reperfusion will result in a de-
creased mortality in the STEMI/PCI patient population.

4. Methods

We reviewed seven studies consisting of cohort analyses, observational studies, prospective observational stu-
dies as well as prospective cohort analyses through the years 1984-2003, 1994-1998, 1999-2002, and 2005-2006,
2014 using search words such as “Door to balloon Time”, “Association of Mortality and Door to Balloon Time”,
“Percutaneous Intervention and Door to Balloon Time”, “ST Elevation Myocardial Infarction and Door to Bal-
loon Time” in PubMed, National Center for Biotechnology Information, Journal of American Medical Associa-
tion, and the American Heart Association databases.

5. Results

Menees et al. analyzed data from the CathPCI Registry which took into account records from 515 hospitals.
96,738 admissions of STEMI patients undergoing PCI were analyzed and the DTB was evaluated. This study
excluded patients who had been transferred from another facility for primary PCI and those who were under-
going nonemergency PCI. Also excluded, were patients for whom the door-to-balloon times were longer than 3
hours, in an effort to include the patients who had the most to gain with respect to myocardial salvage. They
found that although DTB had decreased from 83 minutes from July 2005 through June 2006 to 67 minutes from
July 2008 through June 2009 (P < 0.001), there was no statistically significant change in in-hospital mortality
(4.8% compared to 4.7%, P = 0.43). There was also a non-significant reduction in risk adjusted mortality from
5.0% to 4.7% (P = 0.34). The authors discussed that the study patients had numerous clinical, procedural, and
demographic differences between the patients enrolled with a therefore significant risk of confounding factors.
The authors further suspected that additional reduction in DTB would be unlikely to improve hospital mortality.
The results emphasized that a decreased DTB may be associated with decreased long term mortality, decreased
hospital admission for heart failure and improved left ventricular function. Menees et al. further believed that
DTB is one factor of total ischemic time, making the time before arrival to the hospital a more important consti-
tuent. Efforts with potential to improve outcomes may include increasing patient awareness of symptoms [4].
The beneficial effect of early reperfusion therapy in STEMI hinges on the concept of myocardial salvage of
viable cardiac muscle. Brodie et al. specifically found that in patients with acutely decreased left ventricular
ejection fraction, improvements after reperfusion were greatest in early reperfusion, (6.9% * 11% at <2 hours vs.
3.1% * 12% when >2 hours; P = 0.007) indicating that reperfusion performed within a 2-hour window is of pa-
ramount importance in ensuring left ventricular recovery. Outside of this window, ventricular recovery is modest
at best and survival becomes largely independent of DTB time. This study population was taken from 2322
consecutive patients with STEMI treated with primary PCI without previous thrombolytic therapy at our institu-
tion from 1984 through 2003. Patients with chest pain of <12 h duration or >12 h for persistent pain or hemody-
namic compromise and with electrocardiographic ST-segment elevation > 1 mm in >2 contiguous leads or left
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bundle branch block and without severe co-morbid disease were selected for intervention [5]. Schomig et al.
upheld this relationship between decreased DTB time and improved myocardial salvage as measured by scinti-
graphy. They also concluded that PCI was superior to thrombolysis, independent of specific time to treatment
intervals [6]. In another study, Brodie et al. evaluated two large trials, HORIZONS-AMI and CADILLAC trials
and data clearly depicts the superior one year survival seen in patients with DTB times of less than 90 minutes,
further substantiating the 2 hour window for myocardial salvage. Moreover, this mortality benefit persisted re-
gardless of the perceived risk of the patient (risk defined by ACC/AHA as anterior/septal location of MI, DM,
tachycardia > 100, SBP < 100 mmHg) [7].

McNamera et al. used an acute MI registry in San Francisco to develop a cohort of 29,222 STEMI patients re-
perfused by PCI and noted that symptom onset to presentation was not significantly associated with in-hospital
mortality. In this study, the following exclusion criteria were taken into account; patients that were transferred to
or from another acute care institution (n = 341,730) with neither ST-segment elevation in two plus echocardiogram
leads, nor left bundle branch block on the first electrocardiogram (n = 334,013). Symptom onset after the admis-
sion date and time (n = 4305); with a non diagnostic first ECG, meaning the first ECG did not show ST-segment
elevation or left bundle branch block; n = 14,314); with diagnostic ECG that preceded hospital presentation by
more than one hour (pre-hospital ECG), or with time from door-to-diagnostic ECG that was more than 6 h or
missing (n = 6467); who did not receive primary PCI (n = 92,772); with door-to-balloon times that were negative,
more than six hours, or missing (n = 925); and with unknown time of symptom onset (n = 4804). In addition, to
avoid including hospitals that performed primary PCI uncommonly, patients treated in hospitals reporting fewer
than 20 PCI patients over the four-year time period (n = 1921) were excluded. The final cohort included 29,222
patients from 395 hospitals. Mortality status at the time of discharge was known for all patients. This study
demonstrated longer DTB times, however, were associated with poorer outcomes (mortality rate of 3.0%, 4.2%,
5.7%, 7.4% for DTB < 90 minutes, 91 - 120 minutes, 120 to 150 minutes and >150 minutes respectively; P <
0.01) regardless of the duration of symptom onset to door time [8] [9]. It is important to note that the “time of
symptom onset” factor was obtained from patient history, and may have been an inaccurate representation,
hence influencing the results. Additionally, other patient risk factors may have not been considered, although in-
fluencing DTB. In this study, most patients were treated with DTB greater than that recommended in the guide-
lines. Data from the gold standard DTB of less than 90 minutes were not incorporated in the study results.

Cannon et al. tested their hypothesis that more rapid time to reperfusion in patients presenting with myocardi-
al infarction results in lower mortality in the strategy of primary angioplasty. This group used an observational
study of 767,409 patients that were enrolled in the NRMI-2 study. MI was defined as patient history suggestive
of MI supplemented by creatinine kinase or CK-MB at least two times the upper limit of normal or electrocar-
diographic evidence of MI. If the prior listed criteria were inconclusive, scintigraphic, alternative enzymatic or
echocardiographic evidence indicating MI qualified patients into the study. It was concluded that in a cohort of
more than 27,000 patients treated with primary angioplasty, a DTB longer than 2 hours was an important factor
related to mortality. There results showed a mortality rate of 4.9% with a DTB of 0 - 2 hrs, 5.2% > 2 - 3 hrs,
6.5% >3-4 hrs, 6.7% >4 - 6 hrs, and 6.9% > 6 - 12 hrs with a P-value of <0.001. Cited weaknesses associated
with this study relate to its study design: it was observational and the patients were not randomized to rapid ver-
sus slower DTB. The patients in this study were voluntary and there was no on-site monitoring of the data. The
majority of hospitals in this prospective, observational study are relatively low volume primary angioplasty sites,
and therefore, it is quite possible that conclusions from this study may not correlate to that of high volume
skilled angioplasty centers [10].

The advantages of a decreased DTB in patients with STEMI were highlighted in Rathore et al. Their efforts
demonstrated that any delay in PCI resulted in an increased mortality in hospital, even amongst patients treated
within 90 minutes. Their prospective cohort study analyzed 43,801 subjects that were enrolled in the American
College of Cardiology National Cardiovascular Data Registry in 2005-2006. Exclusion criteria limited study
analysis to patients who, in 2005-2006, presented to a participating center within 12 hours of symptom onset
with laboratory and electrocardiographic evidence of ST elevation myocardial infarction and subsequently un-
derwent primary percutaneous coronary intervention (n = 64,676). Patients who were transferred from other
hospitals (n = 17,992), as well as patients that first received fibrinolytic therapy and were subsequently referred
for primary percutaneous coronary intervention (n = 3313). Patients under 18 years or over 99 years (n = 9) were
excluded to focus analysis on adult patients suitable for primary percutaneous coronary intervention. Finally pa-
tients treated at hospitals that reported fewer than five primary percutaneous coronary interventions (n = 29).

Rathore reported a median DTB of 83 minutes, with 57.9% of patient being treated within 90 minutes. The
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patients were divided into four separate groups for the purpose of evaluating the differences in patient characte-
ristics associated with time to treatment. Their statistical analyses revealed similar trends to the McNamera et al
study previously described. In DTB of 30 minutes, the in-hospital mortality was 3.0%, 60 minutes = 3.5%, 90
minutes = 4.3%, 120 minutes = 5.6%, 150 minutes = 7.0%, 180 minutes = 8.4% with a P < 0.001 [11]. Noted
limitations of this study were the inability to assess the association of onset of patient symptoms to their arrival
at a hospital and mortality or the association of total ischemic time and mortality. An additional limitation of this
investigation was the failure to comment on the relationship of DTB and mortality at later end points.

6. Conclusion

Research investigating DTB has shown conflicting results on timing associated with mortality. From the studied
investigations, we believe that DTB does indeed have a role in decreasing mortality, although it is not the only
factor that comes into play. We do not believe that 90 minutes is the optimal number, as much as time is muscle.
A delay in patient care, be it prior to presenting to the hospital door or while inside a health care center must be
confronted. Door to balloon time comprises a part of the overall health care system delay [12]. Door to balloon
time patient awareness and education is of the utmost importance, as initiation of treatment at the onset of myo-
cardial injury symptoms should be stressed. We believe that any delay in treatment, not just a delay in DTB is
likely to increase mortality and comorbidity [13].
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