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4,081,432 
Emergency rides to hospitala 

Cardiac arrest code on 
ambulance, outpatient, or 

inpatient claim 

65,827 

Cardiac arrest code  
not on any claim  

4,015,605 

Cardiac arrest code on 
ambulance claim only  

14,386 

Cardiac arrest on inpatient claim 
but not present on admissionb 

7,681 
Cardiac arrest code on 

outpatient claim or present on 
admission on inpatient claim 

43,761 

Nontraumatic cardiac arrests 

38,004 
States with distinctive 

ambulance billing practices 

1,020 

Injury codes on inpatient or 
outpatient claim 

5,757 

ALS 
31,292 

BLS 
1,643 

Individuals with multiple rides, 
death date > 2 days before ride, 
inconsistent coding, or missing 

data 

428 

Final sample 
32,935 

Rural countiesc 

3,448 
States with no nonrural  

BLS claims 

173 

Figure 1.1: Codes refer to International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes.

ALS indicates advanced life support; BLS, basic life support. Pickup locations included residence, scene of accident or

acute event, skilled nursing facility, and non-skilled nursing facility residential, domiciliary, custodial, or nursing home

facility. Present on admission status for cardiac arrest is either no or unknown. Rural areas are defined as counties

that do not meet themetropolitan or micropolitan criteria as defined by the US Bureau of the Census. Metropolitan

counties have at least 1 urbanized area of 50,000 ormore population, andmicropolitan counties have at least 1 urban

cluster of at least 10,000 but less than 50,000 population. Both types have adjacent territory that has a high degree of

social and economic integration with the core asmeasured by commuting ties.
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Table 1.1: Comparison ofMedicare claims-based sample and primary data-based samples onmortality at discharge

for individuals brought to a hospital. Discharge status forMedicare outpatient claims was approximated using 2-day

mortality because discharge status was poorly coded. CARES, Cardiac Arrest Registry to Enhance Survival 29; ROC,

ResuscitationOutcomes Consortium30; OPALS, Ontario Prehospital Advanced Life Support 10.



Table 1.2: Differences in individual-level characteristics by ambulance service level. * < . , ** < . , ***

< . . Differences between BLS and unweighted ALS observations were tested for statistical significance using

Student’s t-test or chi-square test, as appropriate. Due tomissing data, somemeasures are based on less data than the

full sample. Chi-squared test of independence was used for this categorical variable. Includes non-SNF residential,

domiciliary, custodial, or nursing home facilities. Alzheimer’s disease/dementia includes Alzheimer’s, related diseases,

and senile dementia. COPD, chronic obstructive pulmonary disease.



Table 1.3: Differences in transport, geographic, and hospital characteristics by ambulance service level. * < . ,

** < . , *** < . . Differences between BLS and unweighted ALS observations were tested for statistical

significance using Student’s t-test or chi-square test, as appropriate. Due tomissing data, somemeasures are based on

less data than the full sample. Chi-squared test of independence was used for this categorical variable. High if me-

dian income is greater than 40k, low otherwise, and predominantly black if more than 80% black, predominantly white

if more than 80%white, and otherwise integrated. Metropolitan areas have at least one urbanized area of 50,000 or

more population, andmicropolitan areas have at least one urban cluster of at least 10,000 but less than 50,000 pop-

ulation. Both types of area have adjacent territory that has a high degree of social and economic integration with the

core asmeasured by commuting ties. The denominator for thesemeasures is heart attack patients. The denominator

for thesemeasures is heart failure patients. LVSD, left ventricular systolic dysfunction; ACE, angiotensin-converting-

enzyme; ARB, angiotensin receptor blocker. The denominator for thesemeasures is pneumonia patients.



Table 1.4: Health and payment outcomes by ambulance service level [95%CI]. Unless noted otherwise, estimates are

adjusted by propensity-score based balancing weights. Estimates for survival to 1 year used only data from 2009 and

2010, and estimates for survival to 2 years used only data from 2009. Spending includes total payments to the provider

byMedicare, the beneficiary, and a non-Medicare primary payer if one exists. Payments are geographically adjusted

using the HospitalWage Index for an estimated 70% labor share of inputs. Discrepancies in differences are due to

rounding.
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Figure 1.2: Kaplan-Meier analysis of survival after cardiac arrest by ambulance service level. Themain plot shows sur-

vival probability during the first 90 days, and the inset shows survival probability over the full observational period.

Survival analysis was based on cardiac arrests that occurred between January 1, 2009, andOctober 2, 2011. Mortality

was observed until December 31, 2011, when the data were censored; thus, there was follow-up to at least 90 days for

each beneficiary. ALS indicates advanced life support; BLS, basic life support.
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Figure 2.1: County-level ALS penetration rates for major trauma. Rates are for a standardized population but are not

derived from characteristics of trauma patients. Rather, they are predicted fromALS use rates in other diagnosis groups

in each county.





Table 2.1: BLS - ALS differences in health outcomes from county-level analysis. Instrumental variables estimates rep-

resent the effect on survival (in percentage points [95% confidence interval]) of receiving BLS rather than ALS for a

‘switcher’, whowould receive BLS in an area with a higher rate of BLS utilization but ALS in an area with lower BLS uti-

lization.





Fig. 2. Kaplan-Meier analysis of survival after emergency event by ambulance service level.
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(a) Trauma
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(b) Stroke
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(c) AMI
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(d) Respiratory failure

The inset shows the survival probability over the full observational period, while the main graph shows it for the
first 90 days. Data include emergency medical events between January 1, 2006 and October 2, 2011. Mortality
was observed until December 31, 2011, when the data were censored, and thus there was follow-up to at least 90
days for each beneficiary. Plots use di↵erent y-axis scales.
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Figure 2.2: Kaplan-Meier analysis of survival after emergency event by ambulance service level. The inset shows the

survival probability over the full observational period, while themain graph shows it for the first 90 days. Data include

emergencymedical events between January 1, 2006 andOctober 2, 2011. Mortality was observed until December 31,

2011, when the data were censored, and thus there was follow-up to at least 90 days for each beneficiary. Plots use

different y-axis scales.



Table 2.2:Major trauma and stroke health outcomes by ambulance service level, from individual-level analysis. Unless

noted otherwise, estimates are adjusted by propensity-score based balancing weights. Estimates for survival to 1 year

used data from 2006-2010, and estimates for survival to 2 years used data from 2006-2009.



Table 2.3: BLS - ALS differences in 90-day survival by trauma subgroups. Individual-level estimates are the difference in

90-day survival between individuals who received BLS and ALS, adjusted by propensity-score based balancing weights.

The county-level estimates represent the effect on survival of receiving BLS rather than ALS for a ‘switcher’, whowould

receive BLS in an area with a higher rate of BLS utilization but ALS in an area with lower BLS utilization. Differences

are in percentage points [95% confidence intervals]. Accidental falls were analyzed only for 2010 and 2011, in which

separate external cause code fields exist and are complete for 92% of observations.



Table 2.4: Acutemyocardial infarction and respiratory failure health outcomes by ambulance service level, from

individual-level analysis. Unless noted otherwise, estimates are adjusted by propensity-score based balancing weights.

Estimates for survival to 1 year used data from 2006-2010, and estimates for survival to 2 years used data from 2006-

2009.
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Figure 3.1: Each individual square represents 100 rides (counties with less than 100 rides are representedwith one

square). Groups of squares representing the total rides in a county are placed at the county’s geographic center. The

national mean ghost ride rate for counties was 1.7%, with standard deviations (SD) corrected for sampling variation

equaling 1.3%. Themean raw ghost ride rate for counties in Texas and Florida is 1.9%, with SD of 1.9%.
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Table A.1: Survival outcomes by ambulance service level, adjusted by logistic regressionmodel.



Table A.2: Survival outcomes by ambulance service level, with beneficiaries who died prior to hospital arrival.



Table A.3: BLS/ALS distribution required among additional field deaths to remove observed effect using ROC data. ROC,

ResuscitationOutcomes Consortium.
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Table A.4: BLS/ALS distribution required among additional field deaths to remove observed effect using CARES data.

CARES, Cardiac Arrest Registry to Enhance Survival.
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Table A.5: Survival outcomes by ambulance service level for non-nursing home pickups.





Table A.6: Survival outcomes by ambulance service level for observations with likely primary cardiac etiology.

Table A.7: Neurological performance outcomes by ambulance service level using narrower definition of poor neurologi-

cal functioning.





Table A.8: Coefficients from logistic regressionmodel for predicting the propensity to receive ALS (log-odds ratios are

shown). Includes non-SNF residential, domiciliary, custodial, or nursing home facilities. Alzheimer’s disease/dementia

includes Alzheimer’s, related diseases, and senile dementia. High if median household income > $40,000, low other-

wise, and predominantly black if more than 80% black, predominantly white if more than 80%white, and otherwise

integrated. Metropolitan areas have at least one urbanized area of 50,000 ormore population, andmicropolitan areas

have at least one urban cluster of at least 10,000 but less than 50,000 population. Both types of area have adjacent ter-

ritory that has a high degree of social and economic integration with the core asmeasured by commuting ties. Measure

described in detail in Section A.1.
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Emergency rides to hospital* 
8,211,146 

Injury code on outpatient or 
inpatient claim 

2,252,593 

States with distinctive 
ambulance billing practices 

2,446 

ALS 
48,768 

BLS 
30,919 

Individuals with multiple rides 
within 90 days, death date more 

than two days prior to ride, 
inconsistent coding, or missing 

data 

4,104 

Final sample 
79,687       

Rural counties** 

9,362 

Not major trauma 

2,156,994 

Figure B.1: Flowchart for trauma observations. Codes refer to ICD-9CMdiagnosis codes. *Pick-up locations included

residence, scene of accident or acute event, skilled nursing facility (SNF), and non-SNF residential, domiciliary, custodial,

or nursing home facility. **Rural areas are defined as counties that do not meet themetropolitan or micropolitan criteria

as defined by the U.S. Bureau of the Census. Metropolitan counties have at least one urbanized area of 50,000 ormore

population, andmicropolitan counties have at least one urban cluster of at least 10,000 but less than 50,000 population.

Both types have adjacent territory that has a high degree of social and economic integration with the core asmeasured

by commuting ties.



Emergency rides to hospital* 
8,211,146 

Primary diagnosis of stroke on 
outpatient or inpatient claim 

144,485 

States with distinctive 
ambulance billing practices 

3,617 

ALS 
100,004 

BLS 
19,985 

Individuals with multiple rides 
within 90 days, death date more 

than two days prior to ride, 
inconsistent coding, or missing 

data 

7,711 

Final sample 
119,989 

Rural counties** 

13,168 

Figure B.2: Flowchart for stroke observations. Codes refer to ICD-9CMdiagnosis codes. *Pick-up locations included

residence, scene of accident or acute event, skilled nursing facility (SNF), and non-SNF residential, domiciliary, custodial,

or nursing home facility. **Rural areas are defined as counties that do not meet themetropolitan or micropolitan criteria

as defined by the U.S. Bureau of the Census. Metropolitan counties have at least one urbanized area of 50,000 ormore

population, andmicropolitan counties have at least one urban cluster of at least 10,000 but less than 50,000 population.

Both types have adjacent territory that has a high degree of social and economic integration with the core asmeasured

by commuting ties. An additional 74 observations were dropped from the final stroke sample for the county-level analy-

sis due tomissing data on two county-level covariates.



Emergency rides to hospital* 
8,211,146 

Primary diagnosis of stroke on 
outpatient or inpatient claim 

138,375 

States with distinctive 
ambulance billing practices 

3,416 

ALS 
100,035 

BLS 
14,434 

Individuals with multiple rides 
within 90 days, death date more 

than two days prior to ride, 
inconsistent coding, or missing 

data 

8,063 

Final sample 
114,469 

Rural counties** 

12,423 

Figure B.3: Flowchart for AMI observations. Codes refer to ICD-9CMdiagnosis codes. *Pick-up locations included

residence, scene of accident or acute event, skilled nursing facility (SNF), and non-SNF residential, domiciliary, custodial,

or nursing home facility. **Rural areas are defined as counties that do not meet themetropolitan or micropolitan criteria

as defined by the U.S. Bureau of the Census. Metropolitan counties have at least one urbanized area of 50,000 ormore

population, andmicropolitan counties have at least one urban cluster of at least 10,000 but less than 50,000 population.

Both types have adjacent territory that has a high degree of social and economic integration with the core asmeasured

by commuting ties.



Emergency rides to hospital* 
8,211,146 

Primary diagnosis of stroke on 
outpatient or inpatient claim 

101,655 

States with distinctive 
ambulance billing practices 

2,516 

ALS 
73,028 

BLS 
9,502 

Individuals with multiple rides 
within 90 days, death date more 

than two days prior to ride, 
inconsistent coding, or missing 

data 

8,268 

Final sample 
82,530 

Rural counties** 

8,341 

Figure B.4: Flowchart for respiratory failure observations. Codes refer to ICD-9CMdiagnosis codes. *Pick-up locations

included residence, scene of accident or acute event, skilled nursing facility (SNF), and non-SNF residential, domiciliary,

custodial, or nursing home facility. **Rural areas are defined as counties that do not meet themetropolitan or microp-

olitan criteria as defined by the U.S. Bureau of the Census. Metropolitan counties have at least one urbanized area of

50,000 ormore population, andmicropolitan counties have at least one urban cluster of at least 10,000 but less than

50,000 population. Both types have adjacent territory that has a high degree of social and economic integration with the

core asmeasured by commuting ties.





Table B.1: Differences in characteristics by ambulance service level before adjustments. Differences between BLS and

ALS observations were tested for statistical significance using Student’s t-test or chi-square test, as appropriate.

Chi-squared test of independence was used for this categorical variable. Includes non-SNF residential, domiciliary,

custodial, or nursing home facilities. High if median household income> $40,000, low otherwise, and predominantly

black if more than 80% black, predominantly white if more than 80%white, and otherwise integrated. Average dif-

ference between actual and predicted surgical survival for hospitals, weighted by number of patients transported to

hospital within ZIP code. Details are provided in supplementarymaterials. Metropolitan counties have at least one ur-

banized area of 50,000 ormore population, andmicropolitan areas have at least one urban cluster of at least 10,000 but

less than 50,000 population. Both types of area have adjacent territory that has a high degree of social and economic

integration with the core asmeasured by commuting ties.
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Table B.2: Correlations of county-level random effects in multilevel model for instruments.

Table B.3: Distributions of predicted probabilities of ALS from first stage instrumental variables model by diagnosis

group.
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Table B.4: Coefficients from linear probability models for 90-day survival from second stage county-level analysis.

Includes non-SNF residential, domiciliary, custodial, or nursing home facilities. Alzheimer’s disease/dementia includes

Alzheimer’s, related diseases, and senile dementia. COPD = chronic obstructive pulmonary disease. High if median

household income> $40,000, low otherwise, and predominantly black if more than 80% black, predominantly white if

more than 80%white, and otherwise integrated. Metropolitan counties have at least one urbanized area of 50,000 or

more population, andmicropolitan areas have at least one urban cluster of at least 10,000 but less than 50,000 popula-

tion. Both types of area have adjacent territory that has a high degree of social and economic integration with the core

asmeasured by commuting ties.



Table B.4. (Continued) Coefficients from linear probability models for 90-day survival from second stage county-level

analysis
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Table B.5: Coefficients from individual-level logistic regressionmodels for predicting the propensity to receive ALS (log-

odds ratios are shown). Includes non-SNF residential, domiciliary, custodial, or nursing home facilities. Alzheimer’s

disease/dementia includes Alzheimer’s, related diseases, and senile dementia. COPD = chronic obstructive pulmonary

disease. High if median household income> $40,000, low otherwise, and predominantly black if more than 80% black,

predominantly white if more than 80%white, and otherwise integrated. Metropolitan counties have at least one ur-

banized area of 50,000 ormore population, andmicropolitan areas have at least one urban cluster of at least 10,000 but

less than 50,000 population. Both types of area have adjacent territory that has a high degree of social and economic

integration with the core asmeasured by commuting ties.



Table B.5 (Continued) Coefficients from individual-level logistic regressionmodels for predicting the propensity to

receive ALS (log-odds ratios are shown)



Table B.6: Propensity score distributions from individual-level analysis for ALS and BLS by diagnosis group.



Table B.7a: Estimated additional field deaths inMedicare sample using NEMSIS data.



Table B.7b: BLS/ALS distributions inMedicare sample

Table B.7c: BLS/ALS distributions required among additional field deaths to remove observed effects



Table B.8: Survival outcomes after including cases that died en route to hospital.



Table B.9: Survival outcomes after limiting samples to patients with admitting or “reason for visit” codes for the relevant

diagnoses.



Table B.10:Marginal difference in 90-day survival from receiving BLS instead of ALS by alternative specifications of

injury severity.



Table B.11:Marginal difference in survival from receiving BLS instead of ALS for respiratory failure sample based on

primary and secondary diagnosis codes.





Table B.12: Effect of ALS billing at the BLS level on survival in 2005 claims by diagnosis group. ALS-ALS refers to ALS-

trained crews billing at the ALS level, ALS-BLS refers to ALS-trained crews billing at the BLS level.
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