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Abstract 

Background:  The impact of ambulance diversion on potentially diverted patients, particularly racial/ethnic minor‑
ity patients, is largely unknown. Treating Massachusetts’ 2009 ambulance diversion ban as a natural experiment, we 
examined if the ban was associated with increased concordance in Emergency Medical Services (EMS) patients of 
different race/ethnicity being transported to the same emergency department (ED).

Methods:  We obtained Medicare Fee for Service claims records (2007–2012) for enrollees aged 66 and older. We 
stratified the country into patient zip codes and identified zip codes with sizable (non-Hispanic) White, (non-Hispanic) 
Black and Hispanic enrollees. For a stratified random sample of enrollees from all diverse zip codes in Massachusetts 
and 18 selected comparison states, we identified EMS transports to an ED. In each zip code, we identified the most 
frequent ED destination of White EMS-transported patients (“reference ED”). Our main outcome was a dichotomous 
indicator of patient EMS transport to the reference ED, and secondary outcome was transport to an ED serving lower-
income patients (“safety-net ED”). Using a difference-in-differences regression specification, we contrasted the pre- to 
post-ban changes in each outcome in Massachusetts with the corresponding change in the comparison states.

Results:  Our study cohort of 744,791 enrollees from 3331 zip codes experienced 361,006 EMS transports. At baseline, 
the proportion transported to the reference ED was higher among White patients in Massachusetts and comparison 
states (67.2 and 60.9%) than among Black (43.6 and 46.2%) and Hispanic (62.5 and 52.7%) patients. Massachusetts 
ambulance diversion ban was associated with a decreased proportion transported to the reference ED among White 
(− 2.7 percentage point; 95% CI, − 4.5 to − 1.0) and Black (− 4.1 percentage point; 95% CI, − 6.2 to − 1.9) patients and 
no change among Hispanic patients. The ban was associated with an increase in likelihood of transport to a safety-
net ED among Hispanic patients (3.0 percentage points, 95% CI, 0.3 to 5.7) and a decreased likelihood among White 
patients (1.2 percentage points, 95% CI, − 2.3 to − 0.2).

Conclusion:  Massachusetts ambulance diversion ban was associated with a reduction in the proportion of White 
and Black EMS patients being transported to the most frequent ED destination for White patients, highlighting the 
role of non-proximity factors in EMS transport destination.
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Introduction
Ambulance diversion, the practice by which emergency 
departments (EDs) are temporarily closed to emer-
gency medical service (EMS) arrivals, and characterized 
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by the Institute of Medicine as “antithetical to quality 
medical care”, remains common and controversial [1–7]. 
ambulance diversion has been associated with delayed 
treatment and adverse outcomes, including higher mor-
tality” [8–11]. There is little experimental evidence 
on the impact of ambulance diversion, particularly on 
potentially diverted patients living in urban areas where 
ambulance diversion is concentrated [8]. On 1/1/2009, 
Massachusetts became the first and, to date, the only 
state to ban ambulance diversion across the state. In this 
study, we treated the Massachusetts ambulance diver-
sion ban as a natural experiment to examine the potential 
impact of ambulance diversion on ED destination, with a 
particular focus on differences by patient race/ethnicity 
[12–14].

While the prior literature has focused on the relation-
ship between ambulance diversion and patient outcomes 
(e.g., mortality) for high-risk conditions (e.g., trauma), 
our interest is in key proximate outcomes of EMS trans-
port, including the destination ED, the likelihood of 
transport to a safety-net ED and transport distance [8–
11]. Most EMS transports to an ED – prompted by a 911 
call – are not for high acuity life-threatening conditions; 
as such, an examination of proximate outcomes enables 
the assessment of the potential impact of ambulance 
diversion across a wide spectrum of EMS transports and 
more importantly among socioeconomic subgroups that 
are more vulnerable to being diverted since ambulance 
diversion is more prevalent in urban areas [1, 4]. Spe-
cifically, we can examine if ambulance diversion influ-
ences the likelihood of patients of different race/ethnicity 
being transported to the same ED as non-Hispanic White 
patients (i.e., concordance). Evidence indicates that dif-
ferences in destination EDs and hospitals are associated 
with racial/ethnic differences in the quality of inpatient 
care and patient outcomes [15–18].

Using national Medicare claims data, covering adults 
aged 65 and older, we examined changes in EMS trans-
ports following the ambulance diversion ban in Mas-
sachusetts and contrasted them with the changes in 
selected comparison states. As transport patterns are 
influenced by local geography, availability, and proxim-
ity to providers, we compared transports of racial/ethnic 
minority patients with those of their non-Hispanic White 
counterparts residing in the same zip code. Based on the 
premise that the primary determinant of destination ED 
is proximity, we hypothesized that the ambulance diver-
sion ban would result in a higher proportion of EMS 
patients from a zip code being transported to the same 
ED and a narrowing of the differences in this proportion 
by race/ethnicity (i.e., increased concordance in ED des-
tination) [19]. As a secondary outcome, we also examined 
the likelihood of transport to a safety-net ED.

Methods
Data sources and study cohort
From the national database of Medicare enrollees each 
year from 2007 to 2012, we selected those aged 66 and 
older adults with continuous Fee for Service coverage for 
3 years or until the date of death (see Supplement Online 
eTables 1, 2, 3, 4 and 5 for details on the identification of 
the study cohort) [20]. We stratified all eligible enroll-
ees by their residence zip code (N = 38,423 zip codes) 
into four race/ethnic groups: Hispanics, (non-Hispanic) 
Blacks, (non-Hispanic) Whites, and others. We identi-
fied the subgroup of zip codes with racial/ethnic diver-
sity, defined as containing more than 10 Hispanic, Black, 
and White enrollees (N = 5606 zip codes). For a strati-
fied random sample of enrollees from the diverse zip 
codes, we obtained healthcare utilization claims data for 
2007–2012 (with 1 to 3-year follow-up for each enrollee). 
We identified all EMS transports to an ED in the sample 
population and included only zip codes with at least five 
transports from each of the three race/ethnic groups of 
interest (N = 3953 zip codes). These zip codes are present 
in almost all states of the country. Since Massachusetts 
is a predominantly urban state with a denser population, 
for better comparability with Massachusetts, we identi-
fied the subset of states (N = 18) with at least 50 zip codes 
since this excluded states with a higher proportion of the 
rural population or with no major metropolitan area (see 
eTable 3). The 3331 zip codes from the selected 18 states 
and Massachusetts had 27.8% of the overall national eligi-
ble enrollee population. We performed a sensitivity anal-
ysis using alternative combinations of comparison states 
(see below). Our study cohort consisted of a (stratified) 
random sample of 744,791 enrollees residing in the 3331 
zip codes.

Using the American Hospital Association annual sur-
vey data (2007–2012), we obtained the geographic loca-
tion of all destination EDs in the Medicare claims data 
and the proportion of Medicaid patients served [21]. 
Medicaid is the public coverage for which eligibility is 
based on low income. We obtained zip code level data 
on population distribution by race/ethnicity and socio-
economic status from the 2010 decennial census and 
2007–2011 American Community Survey from the Cen-
sus Bureau [22].

Outcome measures
As the study cohort comes from zip codes across the 
country with diverse geographic characteristics, a dis-
tance-based outcome measure of EMS transport (e.g., 
miles to destination ED) suffers from limited compa-
rability across areas with large systematic differences in 
transport distances. We, therefore, base our main out-
come on the most frequent destination ED for patients 
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from each zip code grouped by race/ethnicity. Specifi-
cally, we identified the most frequent destination ED 
among White enrollees as the “reference ED” destina-
tion for the zip code (see eFig. 1 for a map of reference 
EDs for zip codes in Boston, Massachusetts). Our main 
outcome measure was a dichotomous indicator (0/1) of 
whether each patient EMS transport was to the refer-
ence ED in the respective zip code. As a secondary out-
come, we also examined whether the destination ED was 
a safety-net hospital (dichotomous indicator). In defining 
safety-net hospitals, we obtained the share of all hospial 
patients who were covered by Medicaid for all hospitals 
in each region (hospital referral region) and identified the 
top quartile of hospitals in terms of Medicaid share of 
patients as safety-net hospitalss [23].

Covariates
Using the principal diagnosis (ICD-9-CM code) for the 
ED visit following the incident EMS transport we identi-
fied seven conditions with high mortality risk [24]: acute 
myocardial infarction (AMI), congestive heart failure, 
pneumonia, stroke, sepsis, gastrointestinal bleeding, and 
arrhythmia; all other ED visits were grouped as Other 
[25]. We used the Chronic Condition Data Warehouse 
classification to identify each of the 23 comorbidity con-
ditions based on prior claims records [26, 27].

Subgroups
We used the combined race/ethnicity indicator to catego-
rize patients into four groups: Hispanic, (non-Hispanic) 
Black, (non-Hispanic) White and others. Prior studies 
have indicated 97% sensitivity in identifying Black and 
White enrollees, and 77% sensitivity in identifying His-
panic enrollees [28, 29].

We examined the impact of the ambulance diversion 
ban on several subgroups. We identified advanced life 
support (ALS) and basic life support (BLS) EMS trans-
ports as another acuity indicator. We grouped patients by 
the type of ED disposition (outpatient discharge, hospi-
talization); we also separately examined hospitalizations 
for the seven high acuity admission conditions. As dif-
ferences in destination ED may be influenced by multi-
ple EDs in the vicinity, we calculated the distance from 
the centroid of each zip code to each ED and identified 
the number of EDs within a 3-mile vicinity. We stratified 
Massachusetts by EMS regions and identified regions 
with a higher and lower rate of ambulance diversion at 
baseline [30]. We identified zip codes in Boston and 
the 15 largest cities in the comparison states. We meas-
ured socioeconomic status at the patient level, using an 
indicator of eligibility for Medicaid (dual coverage) [31] 
obtained from the claims data, and at the zip code-level 

using poverty rate and racial/ethnic minority share of 
census population [22].

Statistical methods
We used linear probability models with a difference-in-
differences specification to estimate the pre- to post-
ban change in the likelihood of being transported to a 
reference ED among EMS transported patients in Mas-
sachusetts relative to the change in patients in compari-
son states [32–34]. As the ban was announced 6 months 
prior to its implementation (7/3/2008), we identified 
1/1/2007 to 6/30/2008 as the pre-ban period, 7/1/2008 
to 12/31/2008 as the transition period, and 1/1/2009 to 
12/31/2012 as the post-ban period [35]. With transport 
to reference ED (0/1) as the outcome, we estimated a 
linear probability model with zip code-level fixed effects 
and interaction of indicators of Massachusetts patients 
with the indicators of transition and post-ban periods as 
the key covariates [36–38]. Other covariates were patient 
age, sex, principal ED diagnosis, chronic condition 
comorbidity indicators, Medicaid eligibility, and calendar 
year indicators. We adjusted for stratification in sampling 
by using survey weights and stratification indicators. We 
obtained standard error estimates clustered at the state 
level and assessed statistical significance at p < 0.05 level 
(see Supplement Online for additional estimation details) 
[34, 38].

To obtain corresponding estimates by race/ethnicity, 
we used a modification of the above model by includ-
ing a three-way interaction of indicators of race/ethnic-
ity, Massachusetts residence, and post-ban period [34]. 
A similar three-way interaction approach was used for 
other SES and geographic subgroups. The same specifica-
tion was used for the secondary outcome, the proportion 
transported to a safety-net ED. A key assumption of the 
difference-in-differences design is that the longitudinal 
trends in the outcomes would have been similar (“paral-
lel”) in Massachusetts and the comparison states were it 
not for the ambulance ban. Using data for only the pre-
ban period, we performed placebo tests of parallel trends 
for each of the outcome measures, and by race/ethnicity, 
to evaluate if the longitudinal trends were similar in Mas-
sachusetts and the comparison states prior to the ban [33, 
34]. All estimation was performed using Stata Version 
16.1 [39]. The institutional review board at Wake Forest 
School of Medicine approved this study. We have fol-
lowed the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guideline in report-
ing our study findings [40].

We performed sensitivity analyses to examine the 
robustness of the estimates to the choice of comparison 
states by using alternative combinations: a) the top 10 
states and b) the top 5 states by the number of eligible 
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zip codes for inclusion in the study. To examine for any 
potential indirect influence of the Massachusetts health 
reform of 2006–2007, we dropped 2007 EMS transports 
from our study data and re-estimated the main model 
estimates [41].

Results
Our study cohort included 361,006 EMS transports dur-
ing 2007–2012 from 744,791 Medicare enrollees in 3331 
zip codes, with 34.9% of the transports from Massachu-
setts. Most of the patient demographics and comorbidi-
ties were similar in Massachusetts and the comparison 
states (Table 1 and eTable 6). Boston zip codes accounted 
for 14.5% of pre-ban transports in Massachusetts, while 
14.8% of the transports from the comparison states were 
from the 15 largest cities.

Figure  1 shows that the proportion of all EMS trans-
ports to the most frequent ED destination for White 
patients (i.e., reference ED) is between 60 to 65% in all 
states and years. The proportion is lower among Black 
and Hispanic patients. Comparison of the transport dis-
tance indicated that the average distance for transports to 
the reference ED (4.8 miles) was 1.62 miles shorter than 
that of the second most frequent ED destination (95% 
confidence interval, 1.58 to 1.66) (eTable  7). This differ-
ence was higher in zip codes with fewer EDs in the 3-mile 
vicinity.

The proportion of all transports to the reference ED 
decreased from 65.1 to 63.8% between the pre-ban to 
the post-ban period in Massachusetts; in the compari-
son states, the proportion increased from 60.9 to 62.7% 
(Table  2). Adjusted for compositional changes, particu-
larly by area, the ambulance diversion ban was associated 
with a 2.7 percentage point decrease in Massachusetts 
in the proportion transported to the reference ED (95% 
confidence interval, − 4.0 to − 1.4) (eTable  8). Pre-ban, 
the proportion of Black patients transported to the refer-
ence ED was 43.6 and 46.2% in Massachusetts and com-
parison states, respectively. The ambulance diversion ban 
was associated with a 4.9 percentage point decrease in 
the proportion of Black patients transported to the refer-
ence ED (95% confidence interval, − 6.2 to − 1.9).

Table  3 provides the corresponding estimates for a 
range of subgroups based on indicators of patient acuity, 
geographic location, and socioeconomic status. Broadly 
we find similarity in the estimates of change in the pro-
portion transported to the reference ED associated with 
ambulance diversion ban. In the Massachusetts regions 
with higher (pre-ban) diversion rates, the proportion 
of patients brought to the reference ED decreased by 
2.9 percentage points (95% confidence interval, − 4.4 
to − 1.3); in the regions with lower diversion rates, the 
change was not significant. Using transports in Boston 

and the 15 largest cities in the comparison states indi-
cated a reduction of 2.5 percentage points (95% con-
fidence interval, − 4.9 to − 0.3) in the proportion 
transported to the reference ED. Grouping zip codes by 
poverty tertiles also indicated similar changes across pov-
erty groups.

The proportion of EMS transports to a safety-net ED 
was higher among Black and Hispanic patients, relative to 
White patients, in Massachusetts and comparison states 
(Table  4). The ambulance diversion ban was associated 
with a 3.0 percentage point increase in the proportion 
transported to a safety-net ED among Hispanic patients 
(95% confidence interval, 0.3 to 5.7) and a 1.2 percentage 
point reduction in the proportion among White patients 
(95% confidence interval, − 2.3 to − 0.2). There was no 
corresponding change among Black patients.

In testing the key assumption of parallel trends, the 
placebo tests data for the pre-ban period indicate that 
longitudinal trendswere similar in Massachusetts and 
the comparison states for all three outcomes (eTable  9). 
An exception was for the proportion transported to a 
reference ED among Hispanics, for whom we found a 
decreasing trend in Massachusetts prior to the ban. In 
the sensitivity analysis, the estimates remained consistent 
(a) using the top 10 comparison states, (b) using only the 
top 5 comparison states, and (c) excluding 2007 cases for 
potential confounding with Massachusetts health reform 
(eTables 10, 11 and 12). The only change was in the latter 
case, wherein we found an increase among Hispanics in 
the proportion transported to the reference ED.

Discussion
Using a Medicare enrollee cohort and an experimen-
tal difference in differences study design we estimated 
the changes in EMS transport outcomes associated 
with the Massachusetts ban on ambulance diversion in 
2009. Focusing on potential changes in the destination 
ED following the ban, particularly among racial/ethnic 
minorities, we identified the most common (modal) ED 
destination among White patients in each zip code as the 
reference ED, and measured the change in the proportion 
of co-located patients transported to the reference ED. 
We found that, prior to the ban, the proportion of non-
Hispanic White patients in Massachusetts transported 
to the reference ED was 67%, and this proportion was 
smaller among non-Hispanic Black (44%) and Hispanic 
(63%) patients. The ban was associated with a decrease 
in the proportion transported to the reference ED among 
White (2.7 percentage points) and Black (4.1 percentage 
points) patients, and no change among Hispanic patients. 
Similar analysis of the proportion of patients co-located 
in the same zip code transported to a safety-net ED, at 
baseline, was higher among Black (53%) and Hispanic 
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(37%) patients, relative to White patients (24%). The ban 
was associated with an increase in the proportion trans-
ported to a safety-net ED among Hispanic patients (3.0 

percentage points), a reduction among White patients 
(1.2 percentage points) and no change among Black 
patients.

Table 1  Characteristics of EMS Transports: Massachusetts vs. Comparison States, 2007–2012

1) Pre-ban refers to January 1, 2007 to June 30, 2008, and post-ban refers to January 1, 2009 to December 31, 2012

2) Note that the All column includes all EMS transports in the study period. The Massachusetts and Comparison states columns include only the transports during the 
pre-ban and post-ban periods; the counts from the transition period are not reported. The All column includes all the periods

3) We have reported the number of EMS transports by race/ethnicity to indicate the oversampling of racial/ethnic minorities. All the remaining summary statistics (% 
distribution) were based on the stratified sampling weights to reflect the characteristics of the underlying eligible Medicare enrollees (approximately 5.5 million each 
year) from the 3354 zip codes included in the study

4) The largest 16 cities were: Austin, TX; Boston, MA; Chicago, IL; Columbus, OH; Dallas, TX; Houston, TX; Indianapolis, IN, Jacksonville, FL Los Angeles, CA; New York, NY; 
Philadelphia, PA; Phoenix, AZ; San Antonio, TX; San Diego, CA; San Francisco, CA; San Jose, CA We included only the zip codes within the city (not metropolitan) area

Characteristic All Massachusetts Comparison states

2007–2012 Pre-ban Post-ban Pre-ban Post-ban

Number of ED visits 361,006 33,552 92,723 54,602 149,869

  White patients, non-Hispanic 181,337 26,319 72,293 17,362 49,954

  Black patients, non-Hispanic 102,121 4173 11,756 21,253 57,417

  Hispanic patients 65,889 2029 5886 14,471 38,135

  Other patients 10,659 1031 2788 1516 4363

Age, %

  66–74 26.5% 25.0% 27.5% 26.7% 26.8%

  75–84 40.8% 41.2% 37.2% 43.6% 39.6%

  85+ 32.7% 33.9% 35.4% 29.8% 33.6%

Female, % 66.9% 66.7% 67.4% 68.2% 66.4%

Medicaid (dual coverage) eligible, % 27.2% 31% 29.8% 26.4% 27.6%

Patient status indicators

  Advanced Life Support (ALS) transports, % 64.9% 53.0% 54.2% 65.1% 65.4%

  ED visit resulting in hospital admission, % 55.2% 59.4% 55.6% 57.4% 54.2%

  Principal ED diagnosis, %

    Acute myocardial infarction 1.7% 1.9% 1.5% 2.1% 1.6%

    Congestive heart failure 3.6% 4.2% 4.1% 3.7% 3.5%

    Pneumonia 3.1% 3.8% 3.0% 3.3% 3.0%

    Stroke 2.1% 1.7% 1.5% 2.5% 2.0%

    Sepsis 3.1% 1.2% 2.2% 2.6% 3.4%

    Gastrointestinal bleeding 1.8% 1.5% 1.7% 1.9% 1.8%

    Arrhythmia 3.9% 4.4% 3.8% 4.1% 3.8%

    Serious injury/trauma 3.9% 3.0% 3.3% 4.4% 3.8%

    Other 76.9% 78.3% 78.8% 75.5% 77.2%

Area characteristics

  Number of EDs in 3-mile vicinity, %

    0 or 1 82.9% 70.1% 77.9% 82.6% 83.4%

    2 or more 17.1% 29.9% 22.1% 17.4% 16.6%

  Urban location, No. (%)

    Zip code in largest 16 cities 14.6% 14.5% 14.0% 14.8% 14.6%

    Other zip codes 85.4% 85.5% 86.0% 85.3% 85.4%

  Zip code households in poverty, %

    Lowest poverty tertile 34.8% 32.6% 34.6% 33.3% 35.4%

    Second tertile 32.5% 29.0% 29.9% 32.8% 32.5%

    Highest poverty tertile 32.7% 38.4% 35.6% 33.9% 32.1%

  Zip codes with > 25% census population black, % 15.8% 10.1% 9.4% 16.3% 15.9%

  Zip codes with > 25% census population Hispanic, % 24.5% 13.8% 11.3% 25.7% 24.9%
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Fig. 1  Proportion (%) of EMS Transports to Reference ED: All and Racial/ethnic Minorities

Table 2  Change in proportion of EMS transports to reference ED associated with Massachusetts AD ban

1) % EMS transports to reference ED in Massachusetts and comparison states are observed measures

2) Unadjusted relative change is the difference in the above %s between Massachusetts and comparison states

3) Adjusted relative change is obtained from the difference-in-differences linear probability models with the dichotmous indicator of transport to reference ED as the 
outcome. A separate model (two-way difference-in-differences) for “All”. A separate three-way difference-in-differences model was estimated for the estimates by race/
ethnicity. See Online Supplement for the estimation model details and eTable 8 for the full model estimates

Patient cohort % EMS transports to reference 
ED in Massachusetts

% EMS transports to reference 
ED in comparison states

Unadjusted 
relative change 
(%)

Adjusted relative 
change [95% CI]

p-value

Pre-ban Post-ban percentage 
point 
change

Pre-ban Post-ban percentage 
point 
change

All 65.1% 63.8% −1.3 60.9% 62.7% 1.8 −3.1% −2.7 [− 4.0, − 1.4] 0.001

Race/ethnicity

  White patients, non-
Hispanic

67.2% 66.0% −1.2 64.1% 65.9% 1.8 − 3.0% −2.7 [− 4.5, − 1.0] 0.004

  Black patients, non-
Hispanic

43.6% 41.8% −1.8 46.2% 49.3% 3.1 −4.9% − 4.1 [−6.2, − 1.9] 0.001

  Hispanic patients 62.5% 62.2% −0.3 52.7% 52.2% −0.5 0.2% 1.0 [−1.1, 2.9] 0.359
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Counter to our hypothesis, we found that the ambu-
lance diversion ban in Massachusetts was associated 
with reduced concordance of EMS transports to EDs. 
Among White and Black patients, fewer transports were 
to the reference ED. The pattern of increased dispersion 
in destination ED was consistent across a wide range of 
subgroups by patient acuity, sociodemographic charac-
teristics and geographic features. The ban was associated 
with reduced concordance for EMS transports in Boston 
and in areas with (baseline) higher diversion rate.

To our knowledge, no previous study has examined 
the association between the Massachusetts ambulance 
diversion ban and EMS transport outcomes for poten-
tially diverted patients. One study that focused on the 
impact within EDs found that the ban was not associ-
ated with any change in the length of stay or turnaround 
time for patients in Boston [35]. Our findings comple-
ment the broader literature on the association between 
ambulance diversion (measured by hours of ED closure) 
and outcomes (mortality) of patients transported by 
EMS [8–11, 42, 43]. As these studies are based on obser-
vational data without an experimental study design, a 
limitation is that since ED closures are not randomly 
determined, ambulance diversion may be correlated 
with unobserved factors (e.g., ED crowding), which may 
also affect patient outcomes [8, 43, 44]. Nevertheless, 
the consistency of the findings of adverse patient out-
comes associated with higher ambulance diversion vol-
ume (hours) across diverse geographic regions merits 
consideration. Generally, the adverse patient outcomes 
from ambulance diversion were attributed to delays in 
patient transport, although these studies lacked data on 
transport time or distance. Our study suggests that the 

important intermediate factor may be the ED/hospital 
destination rather than transport delays. In our data, the 
additional travel distance between the first and second 
most common ED destinations was 1.62 miles overall and 
0.88 miles in major cities. Evidence from a recent study 
on transport times during “diversions” arising from street 
closures during major marathons resulted in a 4.4-min-
ute longer transport time (and no significant difference in 
distance transported) [45]. It is unclear if added distance 
or delays of these magnitudes are associated with adverse 
patient outcomes, even for high-acuity life-threatening 
conditions (AMI or stroke). Instead, there is consider-
able evidence of systematic differences in hospital per-
formance and associated disparities in patient outcomes 
[15–18, 46, 47].

The finding of reduced concordance in destination ED 
after the ambulance diversion ban has implications for 
our understanding of the factors motivating the EMS 
transport destination. Our hypothesis of increased con-
cordance from the ambulance diversion ban was based on 
the assumption of proximity as the primary determinant 
of ED destination. Transport distance to the reference 
ED is significantly shorter than that to the second most 
common ED destination. As such, the finding of reduced 
concordance following the ambulance diversion ban indi-
cates that factors other than proximity may be important 
determinants of ED destination. Newgard et  al. exam-
ined data for 176,981 trauma patient transports from 61 
EMS providers in western US and found that the most 
frequent reasond for destination ED were patient or 
family choice (50.6%), closest facility (20.7%) and spe-
cialty resource center (15.2%) [48]. Patients may prefer 
to be transported to the hospital with prior healthcare 

Table 4  Change in proportion transported to a safety-net associated with Massachusetts AD ban

1) % transported to a safety-net ED in Massachusetts and comparison states are observed measures

2) Unadjusted relative change is the difference in the above %s between Massachusetts and comparison states

3) Adjusted relative change is obtained from the difference-in-differences linear probability models with the dichotmous indicator of transport to a safety-net ED as 
the outcome. A separate model (two-way difference-in-differences) for “All”. A separate three-way difference-in-differences model was estimated for the estimates by 
race/ethnicity

Patient cohort % to safety-net ED in 
Massachusetts

% to safety-net ED in comparison 
states

Unadjusted 
relative change 
(percentage 
points)

Adjusted 
relative change 
(percentage 
points) [95% CI]

p-value

Pre-ban Post-ban percentage 
point 
change

Pre-ban Post-ban percentage 
point 
change

All 26.8% 24.4% −2.4 18.3% 17.9% −0.4 −2.0 −0.8 [− 1.6, 0.1] 0.090

Race/ethnicity

  White patients, 
non-Hispanic

24.3% 21.6% −2.7 16.1% 16.1% 0.0 −2.7 −1.2 [− 2.2, 0.2] 0.150

  Black patients, 
non-Hispanic

53.0% 51.2% −1.8 28.7% 25.7% −3.0 1.2 −0.8 [−1.4, 2.9] 0.492

  Hispanic patients 36.9% 36.7% −0.2 27.1% 24.9% −2.2 2.0 3.0 [0.3% 5.7] 0.031
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use (“home hospital”). Our finding of an increase among 
Hispanic patients and a decrease among White patients 
in the proportion transported to safety-net hospitals fol-
lowing ambulance diversion ban is also consistent with 
minority patients more likely to use safety-net hospitals 
as their home hospital. At baseline in Massachusetts, the 
proportion of patients (co-located in the same zip code) 
transported to a safety-net ED was higher among His-
panic (37%) and Black patients (53%) than among White 
patients (24%). Transport patterns may also vary system-
atically across EMS providers [49]. While the literature 
on ambulance diversion is largely silent on this issue, 
recognition of other motivations should be taken into 
account. It suggests that bypassing of the nearest EDs 
may be more common and results from not only ambu-
lance diversion but also other factors.

Limitations
We recognize several limitations of the study. First, our 
identification of change in ambulance diversion is based 
on the pre- vs. post-ban comparison between Massachu-
setts and other states. Other contemporaneous changes 
in Massachusetts, not affecting other states, may con-
found our findings. Of particular significance is the 
Massachusetts health reform that expanded Medicaid 
and insurance coverage. Although this reform only tar-
geted those aged 18 to 64, there may be indirect effects 
on Medicare patients 65 and older. The Medicaid expan-
sion component became effective in June 2006, and other 
elements enabling subsidized private coverage were 
introduced in early 2007 [41]. We performed sensitivity 
analysis by excluding 2007 data and found the resulting 
estimates remained consistent. Sensitivity analyses also 
indicated that alternative choice of comparison states 
did not affect the results. Second, due to limitations of 
the claims data, we used the residence zip code to define 
the destination ED outcome, which may lead to measure-
ment error if the pick-up location is outside the zip code. 
A national study of EMS transports found that the pick-
up location is the patient residence for 80% of transports 
for those aged 65–84 and 85% of transports for those 
aged 85 and older [50]. Our difference in differences 
study design identifies changes occurring after the ambu-
lance diversion ban; therefore, to the extent that the rate 
of transports from residence are similar in Massachu-
setts and other states and did not change after ambulance 
diversion ban, our resulting estimates are unlikely to be 
confounded. Third, the claims data do not adequately dif-
ferentiate patient differences in symptoms and severity 
that may lead to transport to alternative hospitals (based 
on the capability of services). However, if severity differ-
ences between groups do not change between pre- and 
post-ban periods, then the estimates are robust to the 

unobserved differences in severity. Fourth, our estimates 
are based on the Massachusetts experience, and therefore 
the generalizability of the findings to other geographic 
regions needs to be assessed. To date, no other states 
have stopped ambulance diversion. Our data examines 
those aged 66 and older, and therefore our findings may 
not be generalizable to the younger population. This limi-
tation arises from the absensce of a national healthcare 
utilization database in the US covering all ages.

Conclusions
Our study indicates that the diversion ban in Massa-
chusetts was associated with reduced concordance in 
the destination ED among White and Black patients. 
The proportion of patients transported to a safety-net 
ED also experienced mixed patterns: an increase among 
Hispanic patients, a decrease among White patients, 
and no change among Black patients. These findings 
suggest that EMS transport to the nearest ED may not 
be the predominant driver of EMS transport destina-
tion; instead, patient or EMS provider preferences may 
also be important factors.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12913-​022-​08358-8.

Additional file 1: eTable 1. Counts of Medicare enrollees, 2007–2012. 
eTable 2. Racial/ethnic composition of eligible Medicare enrollees. 
eTable 3. Composition of eligible enrollees from zip codes with racial/
ethnic diversity, 2009. eTable 4. Sample size by year and follow-up cohort 
composition (zip codes with diversity). eTable 5. Sampling design. eFig-
ure 1. Most frequent ED/hospital among EMS transported White patients 
in each zip code in Boston. eTable 6. Prevalence of chronic conditions at 
baseline. eTable 7. Comparison of average distance between first and sec‑
ond most frequent destination. eTable 8. Estimates of the impact of ban 
on transport to reference ED: All and by race/ethnicity. eTable 9. Parallel 
trends test results. eTable 10. Sensitivity 1 - Select only the top 10 states. 
eTable 11. Sensitivity 2 - Select only the top 5 states. eTable 12. Sensitiv‑
ity 3 - Exclude 2007 cases.

Acknowledgements
Not applicable.

Accordance
All methods were carried out in accordance with relevant guidelines and 
regulations.

Joint acknowledgement/disclosure statement
This research has been supported by NIH grants (1R01HL127212, A. Hanchate 
and J. Feldman, PI). Dr. Amresh Hanchate had full access to all of the data 
in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis. The views expressed in this article are those of 
the authors and do not necessarily represent the views of the National Insti‑
tutes of Health, Wake Forest School of Medicine, Boston University or Boston 
Medical Center. The authors acknowledge receipt of Medicare data from the 
Centers of Medicare and Medicaid Services (CMS); CMS, their agents and staff, 
bear no responsibility or liability for the results of the analysis, which are solely 
the opinion of the authors. We gratefully acknowledge research assistance 
from Tian Li.

https://doi.org/10.1186/s12913-022-08358-8
https://doi.org/10.1186/s12913-022-08358-8


Page 10 of 11Hanchate et al. BMC Health Services Research          (2022) 22:987 

Disclaimers
None.

Disclosures
None of the authors have a conflict of interest.

Authors’ contributions
ADH and JF were responsible for the conception and design of the study, and 
analysis and interpretation of the data. ADH drafted the manuscript. ADH was 
responsible for obtaining and developing the analytic data. JF, MPO and WEB 
contributed to interpretation of the findings, and were involved in the revising 
it for important intellectual content. All authors read and approved the final 
manuscript.

Authors’ information
Not applicable.

Funding
This study was funded by the National Institutes of Health (Grant: 
1R01HL127212; Principal Investigators: Amresh D. Hanchate and James 
Feldman).

Availability of data and materials
The data used for this study are from the Centers for Medicare and Medicaid 
Services (CMS) Fee for Service claims databases under a data use agreement. 
This agreement restricts the sharing of the data with other researchers.

Declarations

Ethics approval and consent to participate
The Office of Research Institutional Review Board of Wake Forest University 
Health Sciences waived the need for informed consent as the study is based 
on de-identified secondary data. The study reference number is IRB00059321.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Social Sciences and Health Policy, Division of Public Health 
Sciences, Wake Forest School of Medicine, Medical Center Boulevard, 
Winston‑Salem, NC 27157‑1063, USA. 2 Section of General Internal Medicine, 
Boston University School of Medicine, Boston, MA 02118, USA. 3 Department 
of Emergency Medicine, Boston University School of Medicine, Boston, MA 
02118, USA. 4 Boston Medical Center, Boston, MA 02118, USA. 

Received: 12 March 2022   Accepted: 19 July 2022

References
	1.	 Burt CW, McCaig LF, Valverde RH. Analysis of ambulance transports 

and diversions among US emergency departments. Ann Emerg Med. 
2006;47(4):317–26.

	2.	 Castillo EM, Vilke GM, Williams M, Turner P, Boyle J, Chan TC. Collabo‑
rative to decrease ambulance diversion: the California emergency 
department diversion project. J Emerg Med. 2011;40(3):300–7.

	3.	 Handel DA, Pines J, Aronsky D, et al. Variations in crowding and ambu‑
lance diversion in nine emergency departments. Acad Emerg Med. 
2011;18(9):941–6.

	4.	 Hsia RY-J, Asch SM, Weiss RE, et al. California hospitals serving large 
minority populations were more likely than others to employ ambu‑
lance diversion. Health Aff. 2012;31(8):1767–76.

	5.	 Kahn CA, Stratton SJ, Anderson CL. Characteristics of hospitals divert‑
ing ambulances in a California EMS system. Prehosp Disaster Med. 
2014;29(1):27–31.

	6.	 Mund E. Ending ambulance diversion. Eighteen hospitals in King 
County, Wash., work toward a perpetual zero-divert status. EMS World. 
2011;40(4):31–8.

	7.	 Medicine Io. Hospital-based emergency care: at the breaking point. 
Washington DC: Institute of Medicine; 2006.

	8.	 Pham JC, Patel R, Millin MG, Kirsch TD, Chanmugam A. The effects of 
ambulance diversion: a comprehensive review. Acad Emerg Med. 
2006;13(11):1220–7.

	9.	 Shen Y, Hsia RY. Association between ambulance diversion and survival 
among patients with acute myocardial infarction. J Am Med Assoc. 
2011;305(23):2440–7.

	10.	 Yankovic N, Glied S, Green LV, Grams M. The impact of ambulance diver‑
sion on heart attack deaths. Inquiry. 2010;47(1):81–91.

	11.	 Shen Y-C, Hsia RY. Ambulance diversion associated with reduced access 
to cardiac technology and increased one-year mortality. Health Aff. 
2015;34(8):1273–80.

	12.	 Burke L. Ending ambulance diversion in Massachusetts. Virtual Mentor. 
2010;12(6):483–6.

	13.	 Kowalczyk L. State orders hospital ERs to halt ‘diversions’. Boston: Boston 
Globe; 2008.

	14.	 Kowalczyk L. BMC’s finances taken turn for worse. Boston: Boston Globe; 
2009.

	15.	 Jha AK, Orav EJ, Epstein AM. Low-quality, high-cost hospitals, mainly 
in south, care for sharply higher shares of elderly black, Hispanic, and 
medicaid patients. Health Aff (Millwood). 2011;30(10):1904–11.

	16.	 Barnato AE, Lucas FL, Staiger D, Wennberg DE, Chandra A. Hospital-level 
racial disparities in acute myocardial infarction treatment and outcomes. 
Med Care. 2005;43(4):308–19.

	17.	 Jha AK, Orav EJ, Li Z, Epstein AM. Concentration and quality of 
hospitals that Care for Elderly Black Patients. Arch Intern Med. 
2007;167(11):1177–82.

	18.	 Jha AK, Orav EJ, Zheng J, Epstein AM. The characteristics and perfor‑
mance of hospitals that care for elderly Hispanic Americans. Health Aff. 
2008;27(2):528–37.

	19.	 American College of Emergency Physicians. Emergency department 
planning and resource guidelines. Dallas: American College of Emer‑
gency Physicians; 2014.

	20.	 Hanchate AD, Paasche-Orlow MK, Baker WE, Lin M-Y, Banerjee S, Feldman 
J. Association of Race/ethnicity with emergency department destina‑
tion of emergency medical services transport. JAMA Netw Open. 
2019;2(9):e1910816.

	21.	 American Hospital Association. AHA annual survey database. Chicago: 
www.ahadata.com; 2020.

	22.	 Census Bureau. American Community Survey. Washington, DC: U.S. 
Census Bureau; 7/20/2014; 2021.

	23.	 Werner RM, Goldman LE, Dudley RA. Comparison of change in quality of 
care between safety-net and non-safety-net hospitals. J Am Med Assoc. 
2008;299(18):2180–7.

	24.	 Polsky D, Jha AK, Lave J, et al. Short- and long-term mortality after 
an acute illness for elderly whites and blacks. Health Serv Res. 
2008;43(4):1388–402.

	25.	 Volpp KG, Stone R, Lave JR, et al. Is thirty-day hospital mortality really 
lower for black veterans compared with white veterans? Health Serv Res. 
2007;42(4):1613–31.

	26.	 Centers for Medicare & Medicaid Services. Chronic Conditions Data Ware‑
house: CCW Condition Algorithms. Baltimore; 2021. https://​www.​ccwda​
ta.​org/​web/​guest/​condi​tion-​categ​ories

	27.	 Goodman RA, Posner SF, Huang ES, Parekh AK, Koh HK. Defining and 
measuring chronic conditions: imperatives for research, policy, program, 
and practice. Prev Chronic Dis. 2013;10:E66.

	28.	 Ayanian JZ, Landon BE, Zaslavsky AM, Newhouse JP. Racial and ethnic 
differences in use of mammography between Medicare advantage and 
traditional Medicare. J Natl Cancer Inst. 2013;105(24):1891–6.

	29.	 Eicheldinger C, Bonito A. More accurate racial and ethnic codes for Medi‑
care administrative data. Health Care Financ Rev. 2008;29(3):27–42.

	30.	 Office of Emergency Medical Services. Assorted tables of ED closure 
hours from 2002 to 2007. Boston: Commonweath of Massachusetts; 2007.

	31.	 ResDAC. Identifying dual eligible Medicare beneficiaries in the Medicare 
beneficiary enrollment files. https://www.resdac.org/articles/identify‑
ing-dual-eligible-medicare-beneficiaries-medicare-beneficiary-enroll‑

https://www.ccwdata.org/web/guest/condition-categories
https://www.ccwdata.org/web/guest/condition-categories


Page 11 of 11Hanchate et al. BMC Health Services Research          (2022) 22:987 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

ment-files. Minneapolis: Research Data Assistance Center, University of 
Minnesota; 2012.

	32.	 Ryan AM, Burgess JF Jr, Dimick JB. Why we should not be indifferent 
to specification choices for difference-in-differences. Health Serv Res. 
2015;50(4):1211–35.

	33.	 Dimick JB, Ryan AM. Methods for evaluating changes in health care 
policy: the difference-in-differences approach. J Am Med Assoc. 
2014;312(22):2401–2.

	34.	 Wing C, Simon K, Bello-Gomez RA. Designing difference in difference 
studies: best practices for public health policy research. Annu Rev Public 
Health. 2018;39(1):453–69.

	35.	 Burke LG, Joyce N, Baker WE, et al. The effect of an ambulance diversion 
ban on emergency department length of stay and ambulance turna‑
round time. Ann Emerg Med. 2013;61(3):303–11 e301.

	36.	 Hanchate AD, Dyer KS, Paasche-Orlow MK, et al. Disparities in emergency 
department visits among collocated racial/ethnic Medicare enrollees. 
Ann Emerg Med. 2019;73(3):225–35.

	37.	 Guimarães P, Portugal P. A simple feasible procedure to fit models with 
high-dimensional fixed effects. Stata J. 2010;10(4):628–49.

	38.	 Hansen BE. Econometrics. https://​www.​ssc.​wisc.​edu/​~bhans​en/​econo​
metri​cs/​2020. Accessed 14 July 2019.

	39.	 StataCorp. Stata statistical software: release 14. College Station: StataCorp 
LP; 2016.

	40.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. The strengthening the reporting of observational studies in epidemi‑
ology (STROBE) statement: guidelines for reporting observational studies. 
Ann Intern Med. 2007;147(8):573–7.

	41.	 McDonough JE, Rosman B, Butt M, Tucker L, Howe LK. Massachusetts 
health reform implementation: major progress and future challenges. 
Health Aff. 2008;27(4):w285–97.

	42.	 Hsia RY, Sarkar N, Shen Y-C. Impact of ambulance diversion: black patients 
with acute myocardial infarction had higher mortality than whites. Health 
Aff. 2017;36(6):1070–7.

	43.	 Shen YC, Hsia RY. Do patients hospitalised in high-minority hospitals 
experience more diversion and poorer outcomes? A retrospective 
multivariate analysis of Medicare patients in California. BMJ Open. 
2016;6(3):e010263.

	44.	 Hsuan C, Hsia RY, Horwitz JR, Ponce NA, Rice T, Needleman J. Ambulance 
diversions following public hospital emergency department closures. 
Health Serv Res. 2019;54(4):870–9.

	45.	 Jena AB, Mann NC, Wedlund LN, Olenski A. Delays in emergency 
care and mortality during major U.S. Marathons. N Engl J Med. 
2017;376(15):1441–50.

	46.	 Agency for Healthcare Research and Quality. 2019 National Healthcare 
Quality and disparities report. Rockville: Agency for Healthcare Research 
& Quality; 2021.

	47.	 Sarrazin MV, Campbell M, Rosenthal GE. Racial differences in hospital use 
after acute myocardial infarction: does residential segregation play a role? 
Health Aff. 2009;28(2):w368–78.

	48.	 Newgard CD, Mann NC, Hsia RY, et al. Patient choice in the selection 
of hospitals by 9-1-1 emergency medical services providers in trauma 
systems. Acad Emerg Med. 2013;20(9):911–9.

	49.	 Doyle JJ, Graves JA, Gruber J, Kleiner SA. Measuring returns to hos‑
pital care: evidence from ambulance referral patterns. J Polit Econ. 
2015;123(1):170–214.

	50.	 Hsia RY, Dai M, Wei R, Sabbagh S, Mann NC. Geographic discordance 
between patient residence and incident location in emergency medical 
services responses. Ann Emerg Med. 2017;69(1):44–51 e43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.ssc.wisc.edu/~bhansen/econometrics/2020
https://www.ssc.wisc.edu/~bhansen/econometrics/2020

	Ambulance diversion and ED destination by raceethnicity: evaluation of Massachusetts’ ambulance diversion ban
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Data sources and study cohort
	Outcome measures
	Covariates
	Subgroups
	Statistical methods

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


