
Door to Balloon ς The Regional 
Impact 

Kevin Franklin CFRN/EMT-P 

West Michigan Air Care 



Objectives 

Å Differences between a STEMI and an NSTEMI 
Å мн ƭŜŀŘ 9YDΩǎ ŀƴŘ ŎƻǊǊŜƭŀǘƛƻƴ ǘƻ ŎƻǊƻƴŀǊȅ ǾŜǎǎŜƭǎ 
Å Pertinent laboratory tests for AMI patients 
Å Models of treatments and location availability 
Å Transport options 
Å Differences in transport options 
Å Transport complications 
Å Participants will be able to discuss the impact these changes can have for 

the system, the clinicians involved, the patient and the impact on national 
healthcare 

Å Participants will review the pertinent literature related to current 
ǎǘŀƴŘŀǊŘǎ ƻŦ ǇǊŀŎǘƛŎŜ ŀƴŘ ǘƘŜ ŎǳǊǊŜƴǘ ΨƳƻŘŜƭΩ ǎǘŀƴŘŀǊŘ ƻŦ ǇǊŀŎǘƛŎŜ  

Å Participants will review two patient case reports and how the system 
worked to preserve morbidity and mortality in a STEMI and NSTEMI 
patient population 



STEMI vs. NSTEMI? 

ÅWell what causes  ST changes? 



A closer look at the EKG 

http://www.tutorvista.com/content/biology/biology-iv/circulation-animals/ecg-electrocardiography.php 



Action Potential of Atria/Ventricles 

Na+ 
Influx 

Na+ Influx stops, 
Slight Efflux of K+ 
Influx of Ca2+ 
predominant Efflux of K+ 
predominant Na+/K+ pump 
in equilibrium 

http://drsvenkatesan.wordpress.com/2009/12/17/some-of-the-best-illustrations-in-basic-cardiac-electrophysiology/ 



Single Cardiac Cell (animated) 

http://www.turbulence.org/Works/genresponse/heartbeat.gif 



Changes in the EKG 
 come from  

Changes in the Action Potential 



ÅLack of oxygen leads to ineffective Na+/K+ 
ATPase pumps (as well as others) 

 

Åbƻ άwŜǇƻƭŀǊƛȊŀǘƛƻƴέ ƻŎŎǳǊǎ 

 

ÅResults in a state of Depolarized tissue 



http://www.cvphysiology.com/CAD/CAD012.htm 

Depolarization is MAINTAINED  
Towards 

The positive electrode 
/ŀǳǎƛƴƎ ŀ άŀǇǇŜŀǊŜƴǘέ {¢ ŘŜǇǊŜǎǎƛƻƴ 

Depolarization is MAINTAINED  
AWAY 

From the positive electrode 
/ŀǳǎƛƴƎ ŀƴ άŀǇǇŜǊŀƴǘέ {¢ ŜƭŜǾŀǘƛƻƴ 



So now we know what causes a 
STEMI vs. NSTEMI 



So what vessels are involved with 
either a STEMI/NSTEMI 



https://www.nexprofiler.nexcura.com/glossary_popup.asp?DiseaseTypeId=2&CancerTypeId=34&CB=24977&ExternalTypeId= 



http://www.statmedicaleducation.com/ecgleads.html 



http://www.statmedicaleducation.com/ecgleads.html 



Now know which  
Coronary Vessels  
involved in the  
Location of the  
STEMI/NSTEMI 



²Ƙŀǘ ƛŦ ǘƘŜǊŜ ŀǊŜƴΩǘ 9YD ŎƘŀƴƎŜǎ 
 
 Pertinent Laboratory Changes 
 
 



Laboratory Values Worth Noting 

ÅMyoglobin 

ÅCPK-MB 

ÅTroponin-T/I 

ÅGlycogen phosphorylase isoenzyme BB 



http://en.wikipedia.org/wiki/Cardiac_marker 



Models of Treatment 
and 

Location Availability 



Treatment Models 

ÅInterventional Percutaneous Coronary 
Angiography 

ïTertiary Centers 

ÅLansing 

ÅGrand Rapids 

ÅKalamazoo 

ÅSouth Bend 

ÅChicago 

ÅFort Wayne 



ÅPharmacotherapy Intervention 

ïCommunity Hospitals 

ÅSturgis 

ÅWatervaliet 

ÅHillsdale 

ÅEtc. 

 



Does Balloon Time Effect Mortality? 

ÅάwŜƭŀǘƛƻƴǎƘƛǇ ƻŦ ǎȅƳǇǘƻƳ-onset-to-balloon 
time and door-to-balloon time with mortality 
in patients undergoing angioplasty for acute 
ƳȅƻŎŀǊŘƛŀƭ ƛƴŦŀǊŎǘƛƻƴέ 
ïCannon et el. (2000), JAMA 
Å27,000 AMI patients over 4 years (94-98) 

Å661 Hospitals (Tertiary and Community) 

ÅIncreases in mortality 
ïr/t Symptom onset to balloon inflation 

ïr/t Door to balloon inflation 

 

 



What they found 

ÅIn-hospital mortality did NOT increase 
significantly with time from symptom onset to 
balloon inflation 

 

ÅIn-hospital mortality DID increase significantly 
with time from door to balloon inflation 



ÅAt 121-150 minutes from door arrival 

 

ïMortality increased 41% 

 

ÅAt 151 + minutes, odds ratio of death 
increased further and leveled off 



WHAT DOES THAT MEAN? 



ÅFirst 
ïSymptom onset is difficult to determine at what 

point a true total occlusion of the affected artery 
occurred.   
ÅSeeking medical care is a response to symptoms 

ÅSecond 
ïBetter outcomes are associated with hospitals 

whom perform angioplasty frequently 
ÅWas defined as > 3 cases per month which is extremely 

slow 



Paramedic preliminary diagnosis of 
STEMI 

Åά/ƻƳǇŀǊƛǎƻƴ ƻŦ ŜŀǊƭȅ ƳƻǊǘŀƭƛǘȅ ƻŦ ǇŀǊŀƳŜŘƛŎ-
diagnosed ST-segment elevation myocardial 
infarction with immediate transport to a 
designated primary percutaneous coronary 
intervention center to that of similar patients 
ǘǊŀƴǎǇƻǊǘŜŘ ǘƻ ǘƘŜ ƴŜŀǊŜǎǘ ƘƻǎǇƛǘŀƭέ 
ïLe Ray et el. (2006), Am J Cardiol 
Å108 Direct admit AMI patients from the field 

Å225 Control AMI patients (retrospective) transported to 
closest hospital first 



Outcomes 

ÅDoor to balloon time 
ï63 minutes paramedic suspected STEMI 
ï125 minutes transported to closest hospital 

ÅPrimary PCI performed 
ï93.5% paramedic suspected STEMI 
ï8.9% transported to closest hospital 

ÅIn-hospital mortality 
ï1.9% paramedic suspected STEMI 
ï9.9% transported to closest hospital 

ÅThrombolytic therapy 
ï80.4% transported to closest hospital 

 



What does this mean? 



ÅParamedics are capable of interpreting a 12 
lead EKG for an acute STEMI or new onset 
LBBB 

ÅDirect transfer to a tertiary center results in 
earlier PCI 

ÅEarlier PCI result in lower mortality 



Regular Hours  Off Hours  Significant P Values  

Onset of symptoms to 
911 call  42  52  

911 call to arrival of 
paramedic(s)  8 9 

Arrival of paramedics 
to ECG  8 9 

ECG to hospital arrival  25  26  

Hospital arrival to first 
balloon inflation  39  81  <0.0001  

ECG to first balloon 
inflation  66  110  <0.0001  

911 call to first 
balloon inflation  85  126  <0.0001  

Onset of symtpoms to 
hospital arrival  85  94  

Onset of symptoms to 
first balloon inflation  140  169  0.006  



Important notes from this study 

ÅMetropolitan area 

ÅCity of Ottawa, Canada 

 

Å5 Hospitals 
ï1 University run ς PCI capable 

ï4 Community ς Non-PCI capable 

ÅPatient location 
ïFurthest point 
Å53km = 33 miles 

 



Transport Options 



http://mommylife.net/archives/2008/12/prayer_for_pass.html 

 2 Options Available 



~ 45 Minute 
Transport time 
by Ground 

~ 15 Minute 
Transport time 
by Air 

= 

South Haven 

Albion 

Dowagiac 



EMS inter-facility/scene Transport 

ÅHelicopter EMS (Critical 
Care) 

ïWest Michigan Air Care 

ïSurvival Flight 

ïAeroMed 

 

 



Air Ambulance (Helicopter) 

Disadvantages 

Å Regional 
ïMust first fly to the community 

hospital 
Å15-25 minutes 

ÅMost often dependable 
response 
ï 10% turn down  

ÅWeather 

ÅMore expensive 
ïUnique response system 

ïPrivately maintained medical 
director 

 

 

 
 

Advantages 

ÅFixed transport times 

ÅRN/EMT-P staffed  
ï2 Dual licensed clinicians 

ïExperienced in Critical Care 
and Emergency Care 

ÅNo Medical control contact 
required 
ïExtensive pre-radio/contact 

protocols 

 



ÅGround EMS (ALS and 
limited Critical Care) 

ïLife EMS 

ïPride Care Ambulance 

ïColoma EMS 

ïVan Buren EMS 

ïLife Care EMS 

ïΧΧΦŜǘŎΦ 

 

 



Ground Ambulance 

Advantages 

ÅLocal 
ïArrive at sending institution 

quickly 

Å10-15 minutes 

ÅDependable response 
ïNot weather sensitive 

ÅIce, Rain, Snow, Fog, etc. 

Å Inexpensive 
ïAs is, already staffed/ready 

Disadvantages 

ÅDynamic transport times 
ïWeather, traffic sensitive 

ÅParamedic staffed 
ïNREMT-P or CCEMT-P? 

ÅMedical Control contact 
required 
ïSending physician 

responsibility 

ïNo privately maintained 
medical control authority 

 

 



Direct Transport ? For STEMI 

ÅάhǳǘŎƻƳŜ ƛƴ ǇŀǘƛŜƴǘǎ ǘǊŀƴǎŦŜǊǊŜŘ ŦƻǊ 
percutaneous coronary intervention (a 
national registry of myocardial infarction 
нκоκп ŀƴŀƭȅǎƛǎύέ 

ïShavelle et el. (2005), Am J Cardiol 

ïNational Registry of Myocardial Infarction 
database (NRMI databases 2, 3, and 4, n = 7,133) 

 



ÅDoor to balloon time 
ï99 minutes early PCI 
ï264 minutes delayed PCI 

ÅRecurrent ischemia and angina 
ï5.8% early PCI 
ï10.1% delayed PCI 

ÅCardiogenic shock 
ï5.1% early PCI 
ï8.9% delayed PCI 

ÅHospital length of stay 
ï4.4 days early PCI 
ï5.4 days delayed PCI 

ÅIn hospital mortality 
ï2.7% early PCI 
ï6.2% delayed PCI 



What does this mean? 



Time is key 

 

ÅDecreases 

ïMortality 

ïExpense 

ÅLength of Stay 

ïComplications 



Type of Transport and Length of 
Transport Time! 

ÅάIƻǎǇƛǘŀƭ ǘǊŀƴǎŦŜǊ ŦƻǊ ǇǊƛƳŀǊȅ ŎƻǊƻƴŀǊȅ 
angioplasty in high risk patients with acute 
ƳȅƻŎŀǊŘƛŀƭ ƛƴŦŀǊŎǘƛƻƴέ 

ïStraumann et el (1999), Heart 

 

ïSimilar design and outcomes as prior 



Surprise findings 

ÅNo deaths or other serious complications 
occurred during interhospital transfer.  

ÅMedian transfer time was 63 minutes for 
helicopter 

ïMedian range was 42 km (26 miles) 

ÅMedian transfer time was 50 minutes for 
ground ambulance 

ïMedian range was 8 km (5 miles) 



What does this mean? 

Helicopter transport is significantly 
faster then ground transport 

 



63 minutes for 26 miles (HEMS) 
 

vs. 
 

50 minutes for 5 miles (GEMS) 
 
 



Transport Complications 



Cardiac Arrhythmia 

http://emedicine.medscape.com/article/150074-diagnosis 

Protocols/pharmacotherapy 



No profound difference in 
morbidity/mortality between 

HEMS and GEMS 
(not studied) 



Sudden cardiac death 

Personnel to handle event 
 



No profound difference in 
morbidity/mortality between 

HEMS and GEMS 
(not studied) 

Historical Note: 

GEMS has more room to work, less people 

HEMS has less room to work, more people 



Cardiogenic shock 

Protocols/pharmacotherapy 
 

http://intermountainhealthcare.org/services/lifeflight/about/teams/Pages/lvad.aspx 



Cardiogenic Shock 

Åά¦ƴŜǉǳŀƭ ŀŎŎŜǎǎ ǘƻ ƛƴǘŜǊǾŜƴǘƛƻƴŀƭ ŎŀǊŘƛŀŎ ŎŀǊŜ 
in Nova Scotia in patients with acute 
myocardial infarction complicated by 
ŎŀǊŘƛƻƎŜƴƛŎ ǎƘƻŎƪέ 

ïMayich et el., (2006), The Canadian Journal of 
Cardiology 

ï11,300 patients with AMI 

ï707 patients with AMI complicated by CS 



Results 

ÅAMI + CS  

ï60.1% overall mortality 

ÅIndependent predictors of mortality in these patients 
ï> 65 years of age 

ïRenal insufficiency 

ÅIndependent predictors of survival 
ïDirect transfer or admission to PCI capable center 



What does this mean? 

Transport mode must be able to 
recognize and intervene with CS or 

other complications present 

 



Respiratory distress 

Protocols/pharmacotherapy/experience 
 



Åά! мл-year experience in the use of air medical 
ǘǊŀƴǎǇƻǊǘ ŦƻǊ ƳŜŘƛŎŀƭ ǎŎŜƴŜ Ŏŀƭƭǎέ 

ïJones et el., (1998), Air Med J 

 

ï8106 helicopter transports 

Å103 medical patients 

Å85 available for review 



ÅPatient complaints 

ïCardiac ς 29% 

ïPoisoning ς 17% 

ïCO poisoning ς 11% 

ïNeurologic ς 11% 

ïOther ς 32% 



Outcomes 

Å14/85 (16%) died before admission 

 

 

Å41/85 (48%) admitted to ICU 

 

 



Å80% of cases involved ground EMS 

 

Å56% of cases involved ground ALS EMS 

 

Å24% of cases then involved ground BLS EMS 



What does this mean? 

Transport by air resulted in an 
appropriate capture of patients at a 
minimum of 55/85 patients (65%)  

 



ÅάwŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ƛƴŦŀǊŎǘ ǎƛȊŜ ƛƴ {¢-segment 
elevation myocardial infarction treated 
successfully by percutaneous coronary 
intervention and left ventricular ejection 
ŦǊŀŎǘƛƻƴ ǘƘǊŜŜ ƳƻƴǘƘǎ ŀŦǘŜǊ ǘƘŜ ƛƴŦŀǊŎǘέ 

ïPride et el. (2010), Am J Cardiol 

ïPost STEMI  

ÅLVEF and infarct size correlate with prognosis 

Å? What is this correlation 



Å78 patients 

Å54.5 years 

Åmedian LVEF was 56%  

Åmedian infarct size was 11%  

Å53 patients 
ïinfarct size <15% 

ïLVEF >40% 

ïinfarct size > or =15% 

ïLVEF (slope -1.21 
Åevery 5% increase in infarct size 

Å6.1% decrease in LVEF 



What does this mean? 



ÅLVEF is directly proportional to 
morbidity/mortality 

 

ÅSize of infarct is DIRECTLY proportional to LVEF 

 

ÅAppropriate and timely treatment is directly 
related to size of infarct 

 

 

 



Time 
IS 

Muscle 



{ƻ ǘƘŀǘΩǎ ǘƘŜ ǊŜǎŜŀǊŎƘ 
what happens in  

OUR  
world 



STEMI 

Å47 y/o male 

ÅWater skiing at 1900 hours 

ïDeveloped chest pain 

ÅArrival to community ED 





West Michigan Air Care Requested 

ïInitial request received 
1939 
ÅNote:  39 minutes after 

initial symptoms 

ïά²ƘŜŜƭǎ ¦Ǉέ мфпу 
Å9 minutes 

ïά²ƘŜŜƭǎ 5ƻǿƴέ мфрф 
Åнл ƳƛƴǳǘŜǎ ΨŎŀƭƭ ǘƻ ŀǊǊƛǾŀƭΩ 

 

ïBedside 2006 

ïTransfer to gurney 2011 
ÅCardiac arrest 2012 

ÅROSC 2013 

ïEn route aircraft 2016 

ïά²ƘŜŜƭǎ ¦Ǉέ нлнр 

ïά²ƘŜŜƭǎ 5ƻǿƴέ нлос 

ïTransfer of care in CVL 
2045 

 



Outcomes 

ÅComplete occlusion proximal LAD 

 

ÅExcellent recovery 

 

ÅTime of onset Ą TIMI 3 

ï~120 minutes 



Estimated Transport Times 
Ground 

Å27.8 Miles 

Å38 Minutes 

Actual Transport Times Air 

Å21.4 Miles 

Å11 Minutes 

27 Minutes 



Only way to make transport faster 
by ground 

Patient is placed on EMS stretcher 
and transport begun 

immediately 
 

Not Realistic 



NSTEMI/UA 

Å40 y/o male 

ÅAt rest chest pain began at 0800 

ÅArrival to community hospital 

 




