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ORIGINAL ARTICLE

Background: Current guidelines suggest a “door-in-door-out” (DIDO) time 
of 30 minutes or shorter for patients with ST-segment elevation myocardial 
infarction (STEMI) who arrive at a STEMI referral hospital and are 
transferred to a STEMI-receiving center for primary percutaneous coronary 
intervention. Experts previously identified 18 system practices as critical 
for reducing DIDO times. The objective of this study was to describe how 
frequently these critical practices are used and to determine whether their use 
was associated with shorter DIDO times.
Methods: We surveyed 18 STEMI referral hospitals for 4 STEMI-receiving 
centers regarding their use of these 18 practices. The median number used was 
14 practices (interquartile range 12–15). We then evaluated their association 
with DIDO times in all patients (n = 93) transferred from these STEMI 
referral hospitals to the 4 STEMI-receiving centers for primary percutaneous 
coronary intervention.
Results: In univariate linear regression analyses, system-wide quality 
improvement programs with leaders in the emergency medical services 
agencies and STEMI referral hospitals were associated with shorter DIDO 
times (P < 0.001 for all). Overall use of system practices was not associated 
with DIDO times (P = 0.143). The majority (76%, 95% confidence interval: 
66%–85%) of DIDO times did not meet the 30-minute goal.
Conclusions: These findings highlight the difficulty in achieving the 
30-minute DIDO goal and the need for continued focus on strategies for 
reducing DIDO time, including system-wide quality improvement programs.

Key Words: myocardial infarction, patient transfer, time-to-treatment, 
emergency medical services

(Crit Pathways in Cardiol 2016;15: 165–168)

Approximately 250,000 patients suffer from an ST-segment ele-
vation myocardial infarction (STEMI) each year in the United 

States.1 Timely percutaneous coronary intervention (PCI) reduces 
morbidity and mortality, and many patients with STEMI require 
emergent transfer to a PCI-capable hospital.2,3 The American Heart 

Association and American College of Cardiology (AHA/ACC) sug-
gest a goal of 30 minutes for the time interval from arrival at the 
non-PCI capable STEMI referral hospital to departure for the PCI-
capable STEMI receiving hospital (door-in-door-out time; DIDO) 
and a goal of 120 minutes for the time interval from first medical 
contact to PCI at the STEMI receiving hospital.4,5 However, these 
goals are met in only a minority of patients.2,6–9

STEMI systems of care including emergency medical ser-
vices (EMS), STEMI referral hospitals, and STEMI receiving cen-
ters have been developed to reduce these time intervals and improve 
outcomes for patients with STEMI. We previously identified 18 sys-
tem practices recommended to minimize transfer times to STEMI-
receiving centers.10 However, the association between these practices 
and DIDO time remains unknown. Our objective in this study was 
to describe the use of these 18 system practices and to characterize 
the association between their use and DIDO time for patients with 
STEMI who present to a non-PCI capable hospital and are trans-
ferred for primary PCI.

METHODS

Study Design
We conducted a retrospective cohort study including all 

patients with STEMI who presented to a STEMI-referral hospital and 
were transferred to 1 of 4 STEMI-receiving centers from January 1, 
2012 to December 31, 2013 for primary PCI. We also surveyed key 
personnel at each of the STEMI-referral hospitals regarding their use 
of the previously identified 18 system practices to minimize transfer 
time during 2012–2013 (supplemental material, available at http://
links.lww.com/HPC/A204). This study was approved by the institu-
tional review board at each participating site.

Study Setting and Population
We included adult patients who presented to a STEMI-

referral hospital and were transferred to 1 of 4 STEMI-receiving 
centers from January 1, 2012, to December 31, 2013, for primary 
PCI. The 4 STEMI-receiving centers are academic medical cen-
ters with 24/7 primary PCI capability. We excluded patients whose 
symptoms had been present for >12 hours and who were trans-
ferred for rescue PCI after receiving thrombolytic agents. Patients 
were also excluded if they were missing STEMI-referral hospital 
arrival or departure time or if survey data were not provided by the 
STEMI-referral hospital.

Eligible participants for the hospital survey included emer-
gency department nursing director(s), medical director(s), and 
other key personnel identified by the affiliated STEMI-receiving 
center.

Study Protocol
We collected demographic and clinical data for all patients 

from each STEMI-receiving center’s local National Cardiovascular 
Data Registry database. These data were previously collected for 
submission to the National Cardiovascular Data Registry by trained 
data abstractors. These data were abstracted for the current study 

Association Between Hospital Practices and Door-in-door-out 
Time in ST-segment Elevation Myocardial Infarction

Bryn E. Mumma, MD, MAS,* James Eggert, BS,† Simon A. Mahler, MD, MS,‡ Michael C. Kontos, MD,§  
and Deborah B. Diercks, MD, MSc¶

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 1003-0117/16/1504-0165
DOI: 10.1097/HPC.0000000000000093

Received for publication May 23, 2016; accepted July 22, 2016.
From the *Department of Emergency Medicine, University of California Davis, 

Sacramento, CA; †San Juan Bautista School of Medicine, Caguas, Puerto Rico; 
‡Department of Emergency Medicine, Wake Forest Baptist Health, Winston-
Salem, NC; §Division of Cardiology, Virginia Commonwealth University, 
Richmond, VA; and ¶Department of Emergency Medicine, University of Texas 
Southwestern, Dallas, TX.

The first author is supported by the National Heart, Lung, and Blood (NHLBI) 
Research Career Development Programs in Emergency Medicine through 
Grant #5K12HL108964. The project described was also supported by the 
National Center for Advancing Translational Sciences, National Institutes of 
Health, through Grant #UL1 TR000002. The content is solely the responsibility 
of the authors and does not necessarily represent the official views of the 
National Institutes of Health.

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s Web site (www.critpathcardio.com).

Reprints: Bryn E. Mumma, MD, MAS, 4150 V Street, PSSB #2100, Sacramento, 
CA 95819. E-mail: mummabe@gmail.com.

http://links.lww.com/HPC/A204
http://links.lww.com/HPC/A204
http://www.critpathcardio.com
mailto:mummabe@gmail.com


Mumma et al� Critical Pathways in Cardiology  •  Volume 15, Number 4, December 2016

166    |    www.critpathcardio.com� © 2016 Wolters Kluwer Health, Inc. All rights reserved.

by an analyst at each site who was blinded to the study’s objective. 
Data are filtered through the registry-specific algorithms that require 
predetermined levels of completeness and consistency for submitted 
data fields as part of the data quality report. A recent report indicated 
a high degree of agreement.11

To assess use of each of the 18 strategies at the STEMI-
referral hospitals, we surveyed key personnel at each STEMI-referral 
hospital. We attempted to contact eligible participants via phone and 
email. Eligible participants were given the choice to complete the 
survey verbally via phone or to complete the survey electronically 
via a website link that was emailed to them. Up to 6 attempts were 
made to recruit each eligible participant.

Respondents were asked to indicate (yes/no) whether their 
hospital used each of the 18 system practices in 2012–2013. One 
point was assigned for each practice used. In the event that a prac-
tice was used by only some of the EMSs providers affiliated with 
the hospital, 0.5 points were assigned. Study data were collected and 
managed using Research Electronic Data Capture.12

Measurements and Key Outcome Measures
Our primary outcome measure was DIDO time, defined as the 

time interval from arrival at the STEMI-referral hospital to depar-
ture from the STEMI-referral hospital. Our secondary outcome was 
first door-to-balloon (first-DTB) time, defined as the time interval 
from arrival at the STEMI-referral hospital to primary PCI time at 
the STEMI-receiving center.

Data Analysis
Survey data were analyzed using descriptive statistics. 

Univariate linear regression was to characterize (1) the association 
between individual practices and DIDO times and (2) the association 
between overall practice use and DIDO and first-DTB times.

RESULTS
We obtained data on 205 patients with STEMI who were 

transferred from 41 STEMI referral hospitals to a participat-
ing STEMI receiving center for primary PCI. Of the 41 STEMI 
referral hospitals recruited to participate in the survey, 18 (44%) 
completed the survey. Responding hospitals were smaller than 
nonresponding hospitals (mean 84 vs. 144 beds, P = 0.035) but 
were similar distance from the STEMI receiving centers (mean 50 
vs. 38 beds, P = 0.167) and treated similar numbers of STEMI 
patients during the study period (mean 5.6 vs. 4.5, P = 0.65). The 
responding hospitals treated 100 patients during the study period. 
After excluding an additional 7 patients due to missing or outlying 
DIDO times, we studied 93 patients treated at 14 unique hospitals 
(Fig. 1).

The median number of system practices used by participat-
ing STEMI referral hospitals was 14 (interquartile range 12–15). 
All hospitals reported prehospital STEMI notification and obtaining 
an electrocardiogram within 10 minutes of patient arrival (Table 1). 
Fewer than half reported using a departmental STEMI alert or assign-
ing ancillary staff to assist with paperwork and logistics.

Overall, median age of our study population was 61 years, 
and 66% were male (Table 2). Median DIDO time was 48 minutes 
(interquartile range 32–85 minutes), and the AHA/ACC goal of 30 
minutes was met in 24% of patients. In univariate linear regression 
analysis, the system practices most strongly associated with shorter 
DIDO times were EMS agencies performing a prehospital electro-
cardiogram and notifying the STEMI referral hospital and the pres-
ence of a system-wide quality improvement program with leaders in 
the EMS agency and STEMI referral hospital (Table 1).

In univariate linear regression analyses, number of systems 
processes was not associated with DIDO time (P = 0.143) or first-
DTB time (P = 0.384).

DISCUSSION
Overall, STEMI referral hospitals used many of the 18 system 

practices identified by expert consensus as important for minimiz-
ing DIDO time for patients with STEMI who require transfer from 
a STEMI referral hospital to a STEMI receiving center for primary 
PCI. The proportion of patients in our study who met the AHA/
ACC goals for DIDO and first-DTB times is higher than previously 
reported.6–9 Shorter DIDO times may be due to inclusion of high-per-
forming sites, or it may reflect a larger trend toward decreased DIDO 
times as STEMI referral hospitals focus on this metric. However, 
AHA/ACC goals were not met in majority of patients despite use 
of these system practices. This finding highlights the difficulty in 
achieving the suggested 30-minute DIDO goal and the need for con-
tinued focus on strategies for reducing DIDO time.

Furthermore, we did not find an association between use of 
the 18-system practices and DIDO or first-DTB times. Several pos-
sible explanations exist. First, the system practices may not have 
been implemented uniformly or as envisioned by the expert panel. 
Second, the list of system practices may be incomplete. Third, addi-
tional factors not captured in our survey—such as collaborative 
relationships between EMS agencies, STEMI referral hospitals, 
and STEMI receiving centers13,14 and decision-making processes at 
the STEMI referral hospital15—may influence DIDO and first-DTB 
times. Finally, our sample size may have been insufficient to detect 
a more subtle relationship between system practices and DIDO and 
FIRST-DTB times.

Two of the least frequently used but most important practices 
were a departmental STEMI alert that activated staff resources and 
assignment of ancillary staff to assist with transfer paperwork and 
logistics. Inclusion of these 2 practices may indicate a more devel-
oped STEMI protocol at the STEMI referral hospital, or it may indi-
cate that the STEMI referral hospital has these resources available 
to devote to a STEMI patient. STEMI referral hospitals with more 
resources may be able to achieve shorter DIDO times because mul-
tiple tasks can be completed simultaneously rather than sequentially.

93 patients
14 hospitals

105 patients
23 hospitals

5 patients
4 hospitals

205 patients
41 hospitals

100 patients
18 hospitals

95 patients
14 hospitals

2 patients
0 hospitals

No survey response

Missing  DIDO time

Outlying DIDO time

FIGURE 1. Inclusion and exclusion of patients and hospitals.
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Interestingly, the presence of a quality improvement pro-
gram and leaders within the EMS system and the STEMI refer-
ral hospital were some of the least used practices. This finding is 
somewhat surprising, given that all participating STEMI-receiving 
centers tracked DIDO and DTB times and submitted data to the 
National Cardiovascular Data Registry. This lack of emphasis on 
quality improvement may indicate lack of collaborative relationships 
between some EMS agencies, STEMI referral hospitals, and STEMI 
receiving centers. This finding may indicate survey respondents’ 
unawareness of QI leaders within their hospitals and EMS agen-
cies, particularly if their efforts are not highly visible. Furthermore, 
the strong association between quality improvement practices and 
DIDO times suggests that they are important components of STEMI 
systems.

Until now, quality improvement efforts have focused primarily 
on DTB time rather than DIDO time. DTB times are a quality mea-
sure reported to the Centers for Medicare & Medicaid Services,16,17 
giving STEMI systems financial incentive to reduce DTB times. 
STEMI-receiving centers have more control over the policies and 
procedures at their own site than at STEMI referral hospitals, making 
it easier for them to implement changes that will affect DTB time. 
Practices at STEMI-receiving centers, such as bypassing the emer-
gency department and transporting a STEMI patient directly to the 
cardiac catheterization lab, may offset longer DIDO times and allow 

the STEMI system to achieve its overall goal for first medical contact 
to PCI. STEMI patients requiring transfer for primary PCI are also 
relatively infrequent events at STEMI referral hospitals, and adher-
ence to existing protocols may suffer. Our data indicate that quality 
improvement efforts should focus on DIDO time in addition to DTB 
time.

Our study has several limitations. Despite extensive efforts to 
recruit eligible participants, our survey response rate was 44% and 
we included only 93 patients. The relatively high numbers of patients 
with DIDO times under 30 minutes and first-DTB times under 120 
minutes suggests selection bias, with our sample including hospitals 
whose performance is higher than average. Our survey data are sub-
ject to response bias, and actual practice may differ from protocols. 
We also noted relatively small variation between STEMI referral 
hospitals in the number of practices used. Combined with a small 
sample size, this limited our power for characterizing the relationship 
between time intervals and system practices.

CONCLUSION
Use of 18 system practices, previously identified as being 

important drivers for decreasing DIDO, is high among STEMI 
referral hospitals. Quality improvement programs appear to be 
important in achieving shorter DIDO times, but they were utilized 
less frequently than other system practices. Emphasizing quality 

TABLE 1.  Prevalence of System Practices and Association With Door-in-door-out Times in Univariate Analyses

System Practice
Usage (n, %)

N = 18 Hospitals
Coefficient (95% CI)

N = 93 Patients

  1. Our referring EMS agencies performed prehospital ECGs* 17 (95%) −142 (−181, −102)

  2. Our referring EMS agencies notified our hospital of a STEMI patient before arrival* 18 (100%) −133 (−173, −92)

  3. Our EMS agencies had a STEMI QI leader within their systems* 9 (50%) −44 (−64, −25)

  4. Protocols were in place for transfer of STEMI patients from our hospital to a STEMI-receiving center 17 (95%) †

  5. Our hospital has protocol for treatment and management of STEMI patients 17 (95%) †

  6. �We had a single call transfer protocol or direct page to the interventional cardiologist (accepting 

physician) at the STEMI receiving center

14 (78%) 9 (−26, 44)

  7. �We had a protocol for rapid, 24/7 interfacility transfer of STEMI patients to the STEMI referral center 17 (95%) †

  8. We obtained an ECG within 10 minutes of patient arrival at our hospital 18 (100%) †

  9. �Our transfer of STEMI patients to the STEMI receiving center was NOT dependent on bed 

availability/assignment

16 (89%) 20 (−6, 46)

10. �When a STEMI patient was identified in our ED, a departmental STEMI alert was activated to engage 

extra nurse, ED physician, social worker, call to STEMI receiving center, etc.

5 (28%) 19 (−3, 41)

11. �Our STEMI patients were transferred to the STEMI receiving center with pending lab results. (In 

other words, transfer was not held pending lab results.)

17 (95%) †

12. �Our hospital had protocols for the use of air transport when indicated for the transfer of STEMI 

patients to the STEMI receiving center.

12 (67%) 61 (41, 80)

13. �Our hospital has adopted and promoted the 30-minute door-in-door-out time goal set by the 

American College of Cardiology and the American Heart Association

15 (83%) −59 (−132, 15)

14. �The STEMI receiving center personnel called the cardiologist, activated the cardiac cathertization 

lab, and ensured bed availability

16 (89%) †

15. Our hospital referral process minimized transfer paperwork 13 (72%) 7 (−16, 31)

16. Our hospital had a STEMI QI leader 10 (56%) −39 (−60, −19)

17. We assigned ancillary staff to assist with transfer paperwork and logistics at STEMI referral hospital 8 (44%) 51 (30, 72)

18. �Our hospital participated in a systemwide quality improvement program including EMS and the 

STEMI receiving center that routinely reviewed, critiqued, and trended performance and patient 

outcomes

11 (61%) −73 (−93, −52)

*Considered to be used if used by some or all referring EMS agencies.
†All patients were treated at a STEMI referral hospital that used system practice.
ECGs indicate electrocardiograms; ED, emergency department; QI, quality improvement.
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improvement programs in STEMI systems of care may provide an 
opportunity to improve DIDO times.

DISCLOSURES
Nothing to declare.

REFERENCES
	 1.	 Roger VL, Go AS, Lloyd-Jones DM, et al; American Heart Association 

Statistics Committee and Stroke Statistics Subcommittee. Heart disease and 
stroke statistics–2012 update: a report from the American Heart Association. 
Circulation. 2012;125:e2–e220.

	 2.	 Wang TY, Peterson ED, Ou FS, Nallamothu BK, Rumsfeld JS, Roe MT. Door-
to-balloon times for patients with ST-segment elevation myocardial infarction 
requiring interhospital transfer for primary percutaneous coronary inter-
vention: a report from the national cardiovascular data registry. Am Heart J 
2011;161:76–83 e1.

	 3.	 Berger PB, Ellis SG, Holmes DR Jr, et al. Relationship between delay in per-
forming direct coronary angioplasty and early clinical outcome in patients 
with acute myocardial infarction: results from the global use of strategies to 
open occluded arteries in Acute Coronary Syndromes (GUSTO-IIb) trial. 
Circulation. 1999;100:14–20.

	 4.	 O’Gara PT, Kushner FG, Ascheim DD, et al; American College of Cardiology 
Foundation/American Heart Association Task Force on Practice Guidelines. 
2013 ACCF/AHA guideline for the management of ST-elevation myocar-
dial infarction: a report of the American College of Cardiology Foundation/

American Heart Association Task Force on Practice Guidelines. Circulation. 
2013;127:e362–e425.

	 5.	 Krumholz HM, Anderson JL, Bachelder BL, et al.; American College of 
Cardiology/American Heart Association Task Force on Performance Measures; 
American Academy of Family Physicians; American College of Emergency 
Physicians; American Association of Cardiovascular and Pulmonary 
Rehabilitation; Society for Cardiovascular Angiography and Interventions; 
Society of Hospital Medicine. ACC/AHA 2008 performance measures for 
adults with ST-elevation and non-ST-elevation myocardial infarction: a report 
of the American College of Cardiology/American Heart Association Task 
Force on Performance Measures (Writing Committee to Develop Performance 
Measures for ST-Elevation and Non-ST-Elevation Myocardial Infarction) 
Developed in Collaboration With the American Academy of Family Physicians 
and American College of Emergency Physicians Endorsed by the American 
Association of Cardiovascular and Pulmonary Rehabilitation, Society for 
Cardiovascular Angiography and Interventions, and Society of Hospital 
Medicine. J Am Coll Cardiol. 2008;52:2046–2099.

	 6.	 Wang TY, Nallamothu BK, Krumholz HM, et al. Association of door-in to door-
out time with reperfusion delays and outcomes among patients transferred for 
primary percutaneous coronary intervention. JAMA. 2011;305:2540–2547.

	 7.	 Herrin J, Miller LE, Turkmani DF, et al. National performance on door-in to 
door-out time among patients transferred for primary percutaneous coronary 
intervention. Arch Intern Med. 2011;171:1879–1886.

	 8.	 Miedema MD, Newell MC, Duval S, et al. Causes of delay and associated 
mortality in patients transferred with ST-segment-elevation myocardial infarc-
tion. Circulation. 2011;124:1636–1644.

	 9.	 Fosbol EL, Granger CB, Peterson ED, et al. Prehospital system delay in ST-
segment elevation myocardial infarction care: a novel linkage of emergency 
medicine services and in hospital registry data. Am Heart J 2013;165:363–70.

	10.	 Mumma BE, Williamson C, Khare RK, Mackey KE, Diercks DB. Minimizing 
transfer time to an ST segment elevation myocardial infarction-receiving cen-
ter: a modified Delphi consensus. Crit Pathw Cardiol. 2014;13:20–24.

	11.	 Messenger JC, Ho KK, Young CH, et al.; NCDR Science and Quality 
Oversight Committee Data Quality Workgroup. The National Cardiovascular 
Data Registry (NCDR) Data Quality Brief: the NCDR Data Quality Program 
in 2012. J Am Coll Cardiol. 2012;60:1484–1488.

	12.	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)–a metadata-driven methodology and 
workflow process for providing translational research informatics support. J 
Biomed Inform. 2009;42:377–381.

	13.	 Landman AB, Spatz ES, Cherlin EJ, Krumholz HM, Bradley EH, Curry LA. 
Hospital collaboration with emergency medical services in the care of patients 
with acute myocardial infarction: perspectives from key hospital staff. Ann 
Emerg Med. 2013;61:185–195.

	14.	 Purim-Shem-Tov YA, Schaer GL, Malik K, et al. Successful collaborative 
model for STEMI care between a STEMI-referral and a STEMI receiving 
center. Crit Pathw Cardiol. 2014;13:131–134.

	15.	 Ward MJ, Kripalani S, Storrow AB, et al. Timeliness of interfacility transfer 
for ED patients with ST-elevation myocardial infarction. Am J Emerg Med. 
2015;33:423–9.

	16.	 Krumholz HM, Anderson JL, Brooks NH, et al; American College of 
Cardiology; American Heart Association Task Force on Performance 
Measures; Writing Committee to Develop Performance Measures on ST-
Elevation and Non-ST-Elevation Myocardial Infarction. ACC/AHA clinical 
performance measures for adults with ST-elevation and non-ST-elevation 
myocardial infarction: a report of the American College of Cardiology/
American Heart Association Task Force on Performance Measures (Writing 
Committee to Develop Performance Measures on ST-Elevation and Non-ST-
Elevation Myocardial Infarction). J Am Coll Cardiol. 2006;47:236–265.

	17.	 Clinical Quality Measures Finalized For Eligible Hospitals and Critical 
Access Hospitals Beginning With FY 2014. Available at: https://www.cms.
gov/regulations-and-guidance/legislation/ehrincentiveprograms/down-
loads/2014_cqm_eh_finalrule.pdf. Accessed May 9, 2016.

TABLE 2.  Demographic and Clinical Characteristics of 
Patients

 N (%)

Demographic Characteristics

 � Age (years)* 61 (51–70)

 � Male sex 61 (66%)

 � White race 80 (86%)

 � Hispanic ethnicity 1 (1%)

History and risk factors

 � Diabetes 26 (28%)

 � Hypertension 67 (73%)

 � Hyperlipidemia 49 (53%)

 � Congestive heart failure 6 (7%)

 � Prior MI 20 (22%)

 � Prior PCI 18 (20%)

 � Prior CABG 5 (5%)

Time intervals

 � Door-in-door-out interval* 48 (32–85)

 � DIDO <30 minutes 22 (24%)

 � First door-to-balloon interval* 102 (82–130)

 � First DTB <120 minutes 65 (70%)

*Data presented as median (interquartile range).
MI indicates myocardial infarction; CABG, coronary artery bypass graft.
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