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Door-to-Balloon Time  
in Primary Percutaneous 
Coronary Intervention 
Predicts Degree of 
Myocardial Necrosis
as Measured Using Cardiac Biomarkers

Reduced door-to-balloon time in primary percutaneous coronary intervention for the treat-
ment of ST-elevation myocardial infarction has been associated with lower cardiac mor-
tality rates. However, it remains unclear whether door-to-balloon time is predominantly a 
surrogate for overall peri-myocardial infarction care and is not independently predictive of 
outcomes, particularly when differences in door-to-balloon time have narrowed and previ-
ous studies have contained myocardial infarction-selection bias.

We analyzed 179 consecutive patients who presented emergently at our cardiac cath-
eterization laboratory with ST-elevation myocardial infarction within 12 hours of symptom 
onset and who underwent primary percutaneous coronary intervention within 3 hours of 
presentation. Our curve estimation regression model used the natural logarithm (ln) of 
area under the curve (AUC) of creatine kinase to evaluate the effect of door-to-balloon 
time on cardiac biomarker levels. We correlated ln (AUC–creatine kinase) with improve-
ment of left ventricular ejection fraction at follow-up and with the intermediate-term mor-
tality rate.

Median door-to-balloon time was 87 minutes (interquartile range, 65–113 min). The ln 
(AUC–creatine kinase) correlated significantly with door-to-balloon time (r=0.2, P=0.02). 
Upon propensity-score analysis, door-to-balloon time remained a significant independent 
predictor of ln (AUC–creatine kinase) (β=0.15, P=0.03). Upon use of a Cox regression 
model, ln (AUC–creatine kinase) independently predicted death (P=0.04) and recovery of 
left ventricular function (P=0.001) at follow-up (mean, 14 mo).

Longer door-to-balloon time independently predicts increased myocardial cell damage, 
and ln (AUC–creatine kinase) predicts improvement in left ventricular systolic function 
and intermediate-term death after ST-elevation myocardial infarction. (Tex Heart Inst J 
2010;37(2):161-5)

P rimary percutaneous coronary intervention (PCI) is the preferred method of 
treatment for ST-elevation myocardial infarction (STEMI) if it can be per-
formed in a timely manner. The American College of Cardiology/American 

Heart Association guidelines for the treatment of STEMI state that PCI is the fa-
vored approach if an institution can achieve a door-to-balloon time (DBT) of no long-
er than 90 minutes.1 This benchmark time is derived from multiple studies that show 
that shorter DBTs are associated with improved clinical outcomes.2-14 However, nearly 
all of these studies have been multicenter trials, which makes it unclear whether DBT 
is a surrogate of volume and overall institutional expertise rather than an independent 
predictor of outcomes. It has been shown that high-volume cardiac-care institutions 
have shorter DBTs, which may drive the primary results of multicenter data.15 Prima-
ry PCI volume also strongly correlates with post-myocardial infarction (MI) surviv-
al. Since all-cause death is typically the endpoint and is a variable that often depends 
upon overall quality of care in STEMI, institutional expertise in MI management is 
a strong confounder and a hidden predictor in these studies. For instance, when com-
paring off-hours care with weekday care (during which in-hospital MI care would 
be similar within the same institution), previous studies have reported similar out-
comes despite signif icantly longer DBTs in the off-hours patient groups.16,17 More-
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over, many of these trials have included patients with 
DBTs of longer than 3 hours, which likely adds MI- 
selection bias.5,9,10

 In this study, we have considered the amount of myo-
cardial necrosis, as measured by the creatine kinase 
(CK) area under the curve (AUC), to be the most ac-
curate measure of the direct, independent, and imme-
diate benefit of reduced DBT. Moreover, by analyzing 
outcomes from a single institution and narrowing the 
criteria to include only truly emergent STEMI cases 
with early intervention, we have eliminated both the 
confounder of the treating institution and that of MI- 
selection bias. We sought to determine whether DBT 
is independently predictive of myocardial necrosis after 
STEMI and whether that myocardial necrosis predicts 
intermediate-term death and recovery of left ventricu-
lar ejection fraction (LVEF).

Patients and Methods

Using our institution’s PCI registry, we analyzed a study 
population of 179 consecutive STEMI patients who 
presented at our emergency department from Janu-
ary 2005 through December 2008 in whom primary 
PCI was performed. Patients were selected for analy-
sis if their symptoms were of no longer than 12 hours’ 
duration and their DBT was shorter than 3 hours. Pa-
tients were included only when there was documented 
electrocardiographic evidence of ST-segment elevations 
of more than 1 mm in 2 contiguous leads, ST-segment 
depression of more than 1 mm in leads V1 and V2 (with 
R>S in lead V1 or V2), or a documented new left bun-
dle branch block. Serial, timed CK levels were obtained 
for all patients and plot-f itted, and the AUC was in-
tegrated and measured. A curve estimation regression 
model18 using the natural logarithm (ln) of AUC was 
used to evaluate the effect of DBT on the cardiac bio-
marker level of CK. Angiographic and clinical variables, 
including the presence of multivessel coronary artery 
disease (defined as >2 epicardial vessels with stenoses 
≥70%), baseline LVEF on ventriculography, infarct lo-
cation (anterior or other), and Thrombolysis in Myo-
cardial Infarction (TIMI) risk score for STEMI were 
recorded. Body surface area was calculated for all pa-
tients in accordance with the DuBois method. Chest 
pain-to-presentation time (CPT) was also recorded for 
all patients. Follow-up LVEF (obtained at least 1 month 
after the index infarct) was determined with the use of 
echocardiography or nuclear imaging so that the degree 
of LVEF recovery could be measured. In order to deter-
mine the independent effect of the continuous variable 
DBT on ln (AUC–CK), we used multiple linear re-
gression in which we included clinical and angiograph-
ic variables. We performed a propensity-score analysis 
in order to predict the likelihood of a patient’s having 
a DBT of longer than 90 minutes on the basis of avail-

able baseline characteristics and actual DBTs. This pre-
dicted probability was a separate variable that we also 
entered into the regression model in an effort to reduce 
MI-selection bias further. Standardized β-coefficients 
were calculated to reflect the relative weight of each sig-
nificant variable in the overall model. Using multivari-
ate regression analysis, we then determined whether ln 
(AUC–CK) was predictive of death and of recovery of 
LVEF at follow-up. All P values less than 0.05 were con-
sidered statistically significant. We used SPSS version 
12.0 software (SPSS, Inc.; Chicago, Ill) for all statisti-
cal analyses.

Results

Table I shows the mean TIMI STEMI scores for the 
179 patients, and the frequencies and means of the 
clinical and angiographic variables. Mortality rate data 
were obtained for all patients, and LVEF recovery data 
were determined for 79% of the patients. The medi-
an DBT was 87 minutes (interquartile range, 65–113 
min) and the mean TIMI STEMI risk score was 3.6 ± 
2.6. Figure 1 shows the relationship between DBT 
and ln (AUC–CK), and the signif icant, linear corre-
lation of ln (AUC–CK) with respect to DBT (r=0.2, 
P=0.02). Figure 2 shows the mean ln (AUC–CK) for 
the DBT quartiles. Upon propensity-score analysis with 

TABLE I. Baseline Characteristics and Angiographic 
Variables of the 179 Patients

      Characteristic Value

Mean age, yr 62 ± 14

Male sex, % 70

Mean baseline LVEF 0.42 ± 0.10

Mean recovery of LVEF 0.09 ± 0.11

Multivessel CAD, % 63

Anterior infarct, % 45

Shock, % 4

Diabetes mellitus, % 16

Mean body surface area, m2  1.92 ± 0.28

Mean TIMI STEMI score  3.6 ± 2.6

DBT, min (median, min)  87 (65–113)*

CPT, min (median, min) 120 (60–255)*
 
CAD = coronary artery disease; CPT = chest pain-to-presenta-
tion time; DBT = door-to-balloon time; LVEF = left ventricular 
ejection fraction; STEMI = ST-elevation myocardial infarction; 
TIMI = Thrombolysis in Myocardial Infarction 
 

*Interquartile range, 25%–75% 
 

Values are presented as number, percentage, or mean ± SD.
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multiple linear regression of variables (including CPT, 
multivessel disease, anterior infarct and hemodynamic 
status, and TIMI STEMI risk score), DBT remained 
a significant independent predictor of ln (AUC–CK) 
(β=0.15, P=0.03), as did CPT (β=0.13, P=0.05). Table 
II shows the standardized coefficients of the model (β). 
Upon the use of a multivariate Cox regression model, ln 
(AUC–CK) was a significant independent predictor of 
recovery of LVEF (P=0.001) and of death (P=0.04) at 
a mean follow-up time of 14 months (Table III).

Discussion

Our analysis is the f irst to rigorously evaluate the di-
rect predictive value of DBT on myocardial necrosis, as 
measured by the AUC of CK, by avoiding biases due 
to quality of care, institutional expertise, and PCI vol-
ume. The lower ln (AUC–CK) observed in patients with 

shorter DBTs translates into an improvement of LVEF 
at follow-up and to a reduction in the intermediate-term  
mortality rate.
 Substantial resources have been used by PCI centers 
to improve outcomes in STEMI, with a particular em-
phasis on DBT.19,20 Door-to-balloon time is easily mea-
surable, and it has been used as a marker of quality of 
care. The preponderance of the clinical evidence regard-
ing treatment times in STEMI suggests that a shorter 
DBT translates directly into a more favorable outcome. 
Numerous studies have shown a correlation between 
DBT and death. The “time is myocardium” mantra 
makes intuitive sense, because it is logical to conclude 
that the more quickly an artery can be opened and the 
coronary f low restored, the less myocardial damage 
will occur. This correlation is nearly indisputable, but 
the presence of a strong direct causation between DBT 
and outcomes is less clear, particularly if differences in 
DBT are narrowed to minutes.21 All prior DBT trials 
have been retrospective studies that have involved large, 
multi center databases, or they have been post hoc analy-

TABLE II. Standardized Coefficients of the Predictive 
Variables of Myocardial Necrosis as Measured by ln 
(AUC–CK) (adjusted R2=0.19)

    Variable ββ Coefficient P Value

Door-to-balloon   0.15 0.03 
   time, min

Chest pain-to-   0.13 0.05 
   presentation 
   time, min

Shock   0.28 <0.001

Left ventricular –0.26 <0.001 
   ejection fraction
 
AUC = area under curve; CK = creatine kinase; ln = natural 
logarithm 
 

P <0.05 is considered statistically significant.

TABLE III. Multivariate Predictors of Intermediate-
Term Death

  Variable Odds Ratio P Value

ln (AUC–CK) 2.32 0.04

LVEF 0.89 <0.01

Shock 0.05 0.03

TIMI STEMI score 1.43 <0.01
 
AUC = area under curve; CK = creatine kinase; ln = natural 
logarithm; LVEF = left ventricular ejection fraction; STEMI = 
ST-elevation myocardial infarction; TIMI = Thrombolysis in 
Myocardial Infarction 
 

P <0.05 is considered statistically significant.

Fig. 1  Curve estimation model of the natural logarithm of the 
area under curve (ln [AUC]) of creatine kinase versus door-to-
balloon time.

Fig. 2  Categorical relationship of the natural logarithm of the 
area under curve of creatine kinase (ln [AUC–CK]) versus door- 
to-balloon time (DBT).
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ses of randomized trials.2-25 The ethics of randomizing 
patients to a delayed-treatment approach in STEMI are 
clearly prohibitive, so our data must come from the ex-
isting analyses. The results enable us to conclude that 
cases with short DBTs are associated with superior out-
comes.
 Nevertheless, the desirability of attaining short DBT 
should not obfuscate the heavy selection bias that is in-
volved in all of the data to date. Confounders are pres-
ent in these analyses, foremost among which is whether 
DBT is simply a surrogate variable for institutional 
level of expertise. Many studies have shown that centers 
with higher primary PCI volume or greater expertise in 
STEMI achieve shorter DBTs.15 It has also been shown 
that high-volume institutions have lower mortality rates 
in primary PCI.22 These same institutions tend to adhere 
more to clinical guidelines for overall MI management 
and have lower mortality rates for cardiac disease in gen-
eral. However, in the models of these studies, a center’s 
level of expertise is rarely considered to be a confound-
er—and, as a result, the independent effect of DBT is 
less certain. For example, an analysis involving only hos-
pitals that participated in the American Heart Associa-
tion’s “Get With the Guidelines” program16 (motivated, 
high-volume centers) showed that patients who present-
ed with MI during off-hours had longer DBTs but sim-
ilar rates of major acute cardiac events in comparison 
with patients who presented during weekday hours. This 
suggests that outcomes have more to do with overall hos-
pital care (which should be similar whether the initial 
presentation is during off-hours or on a weekday) rath-
er than with DBT itself. Our study involves only a single 
institution and eliminates this confounder. Scientifical-
ly, a more direct endpoint should be used when attempt-
ing to define a DBT effect on outcomes. Our endpoint 
is not tied to confounders and is more strictly a result of 
time to coronary reperfusion. Moreover, in our analy-
sis, the higher ln (AUC–CK) that resulted from longer 
DBT translates to a higher intermediate-term mortality 
rate and lack of improvement in LVEF.
 Selection bias in the analysis of DBT cohorts is inher-
ently present in all of the prior analyses. Multiple stud-
ies have shown that patients with longer DBTs tend to 
be more ill overall.2,3,9,23 Patients with DBTs of longer 
than 90 minutes are approximately 3 times more likely 
to be categorized as baseline Killip class ≥2 than are pa-
tients whose DBT is 60 minutes or shorter.2 It is gener-
ally more difficult to intervene quickly in patients who 
are in more unstable condition and more critically ill, 
given the potential need to stabilize these patients from 
a hemodynamic or respiratory standpoint before angi-
ography. Most of the large databases are unable to cor-
rect for this selection bias, and this bias may account for 
higher mortality rates when DBTs are longer. Moreover, 
some studies have found a U-shaped response of time-
related outcomes, with lower peak CK levels and mor-

tality rates in patients who had either very short or very 
long DBTs—again indicating an uncorrected selection 
bias.3,4,24 Our study’s propensity-score analysis minimiz-
es this bias and conf irms that DBT is independently 
predictive. In addition, previous reports that dealt with 
myocardial necrosis and DBT included patients who 
experienced very long DBTs (>3 hr).25 Our DBTs were 
fairly narrow (interquartile range, within 113 min) be-
cause our analysis excluded patients whose DBTs were 
longer than 3 hours.
 Intuitively, CPT predicts outcome just as strongly 
as does DBT. Although many studies have considered 
CPT,5-8,15 few have determined its interaction with DBT 
and its significance with respect to outcomes. Door-to-
balloon time is typically a fraction of CPT—CPT more 
accurately ref lects the overall time of coronary artery 
occlusion. Even with the introduction of CPT into our 
model, CPT and DBT both remained strong predictors 
of myocardial necrosis. The standardized β-coefficients 
of DBT and CPT are approximately half the weight of 
those of shock and LVEF, indicating the relative impor-
tance of the first 2 variables compared with the second 
2. Of note, our study considered only patients whose 
DBTs were shorter than 3 hours, unlike other studies, 
which directly analyzed myocardial necrosis and in-
cluded outlying DBTs.25 Despite our tighter temporal 
distribution of DBT, there was still a significant linear 
association of DBT to ln (AUC–CK).
 Our study has several important limitations. Because 
the study is a single-center analysis, the sample size is rel-
atively small and may not fully account for the hetero-
geneity in infarct size, CK levels, infarct location, and 
differences in TIMI f low among STEMIs. Although 
we factored in body surface area, differences in cardiac 
size among patients may also contribute to differences in 
enzyme levels.
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