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ABSTRACT

The nationwide tertiary hospital catchment areas, known as the Dartmouth Hospital Referral
Regions (HRRs), were created based on the 1992-1993 Medicare data in the U.S., to reflect referral
patterns of hospitals and hospitalization patterns of patients for specialized medical cares at that
time. Nowadays, those outdated HRRs have still been chosen as analytical units in most if not all
studies in the U.S. where large and high-level hospital service areas are needed. This pilot study
aimed to evaluate whether the HRR boundaries have significantly varied over time in Florida. The
Dartmouth method was replicated to construct the contemporary HRRs in Geographic Information
Systems with 2011 Florida State Inpatient Database. The contemporary HRRs and Dartmouth HRRs
were visually and statistically compared in several function-related aspects. The contemporary HRRs
included 38 eligible units, twice the number of (19) Dartmouth HRRs, with a comparable level of
self-containment (p = 0.634) on average. This reflects the diffusion of specialized medical services
such as cardiovascular surgeries among hospitals in the past 2-3 decades The contemporary HRRs
hold values for a variety of health policy themes, including hospital policy-making, optimization of

ARTICLE HISTORY
Received 20 November 2019
Accepted 15 July 2020

KEYWORDS

Hospital referral region; HRR;
hospital service area; HSA;
State Inpatient Database;
HCUP; GIS; health geography

healthcare systems, and measurement of competition in healthcare markets.

1. Introduction

To reduce costs related to patient travel distance for
hospitalization, maintain revenue at local hospitals, and
promote a locally favourable patient-doctor relationship,
a set of nationwide hierarchical healthcare facility catch-
ment areas for the U.S. were pioneered by Dartmouth
Atlas based on the Medicare data in 1992-1993, i.e.
Hospital Service Areas (HSAs) and Hospital Referral
Regions (HRRs) (Center for Evaluative Clinical Sciences
1999). The HSAs delineate where most local hospitaliza-
tion occurs, i.e. where most of the patients living in
a given HSA go to hospitals that are located in the
same HSA; the HRRs are aggregations of several HSAs
(i.e. HSAs are completely nested in HRRs), where most
patients are referred for major cardiovascular and neu-
rological surgeries (Center for Evaluative Clinical
Sciences 1999; Jia, Wang, and Xierali 2017a; Jia 2016;
Jia, Shi, and Xierali 2019; Klauss et al. 2005). Both sets
of boundaries are designed to aid local hospital health-
care market analysis and resource allocation, and neither
of them is consistent with any of the traditional admin-
istrative boundaries such as county, city, township, or
any census tabulation unit, such as census tract and

block group, or ZIP code (Center for Evaluative Clinical
Sciences 1999). The currently used HSAs and HRRs are
also known as the Dartmouth HSAs and Dartmouth HRRs,
respectively.

The Dartmouth HRRs have been chosen as analytical
units in a growing body of studies, such as nationwide
geographic variation in per capita physician supply
(Goodman and Fisher 2008), access to care or preven-
tive care (Radley and Schoen 2012), performance of
hospitals (Jha et al. 2005), patients’ experiences in hos-
pitals (Jha et al. 2008), Medicare drug spending (Zhang,
Baicker, and Newhouse 2010), and healthcare spend-
ing, utilization, and quality (Newhouse et al. 2013).
Examining spatial patterns of those healthcare utiliza-
tion characteristics could promote the equity of hospi-
tal performances, which could further stimulate quality
improvement,  transparency and  accountability
(Stavrou, Ward, and Pearson 2012). However, recent
work has suggested that HRRs are too large to reflect
local variation (Zhang et al. 2012). This is not surprising
as the Dartmouth HRRs were produced based on a
single-payer (Medicare) dataset more than two decades
ago. Since then, healthcare resources and services and
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tertiary healthcare markets have dramatically changed
in the U.S. Although a wide variety of healthcare-
related studies carried out on the basis of the
Dartmouth HRRs, this set of spatial units has not been
comprehensively and quantitatively evaluated in any
study. This is important in that the choice of spatial
unit may have significant implications for conclusions
drawn due to the well-known Modifiable Area Unit
Problem (MAUP) (Stavrou, Ward, and Pearson 2012;
Swift, Liu, and Uber 2008). Given the concerns regard-
ing the underlying changes in population, hospitals,
and healthcare provision and demand over the past
two decades, plus a recent call that the Dartmouth
HSAs were urgently in need of an update (Jia, Xierali,
and Wang 2015), it is time to evaluate whether the
Dartmouth HRRs also need an overhaul.

To achieve the goal of comprehensively evaluating the
effectiveness and efficiency of the Dartmouth HRRs and
temporal changes of underlying healthcare travel pat-
terns over time, this study 1) assessed whether the
Dartmouth HRRs were still representative of contemporary
travel patterns of hospital patients, 2) produced the con-
temporary HRRs based on recently created HSAs and ter-
tiary discharge records, and 3) compared the
contemporary HRRs with the Dartmouth HRRs in the func-
tion-related aspects, including the number of HRR units,
self-containment of units, number of hospitals within HRR
units, and surgery rates and average hospital charges
within HRRs. This study provides evidence for future
research endeavours on updating or re-delineating the
HRRs and refining the research findings and policy recom-
mendations that were based on the use of the Dartmouth
HRRs.

2. Methods
2.1. Study area and data sources

The study area is the state of Florida in the southeastern
U.S. With three facets bordered by water (west, south, and
east), this unique geographic location makes Florida an
ideal locale for such a pilot study, due to the limited edge
effect in terms of the possibilities of patients to travel
across state boundaries for hospital care.

The State Inpatient Database (SID) in 2011,
assembled, edited, and standardized by the Agency for
Healthcare Research and Quality (AHRQ) as part of the
Healthcare Cost and Utilization Project (HCUP) (Agency
for Healthcare Research and Quality 2011), was used in
this study to produce the contemporary HRRs. The
recently created HSAs were obtained from a previous
study, wherein Florida was divided into 78 HSA units on
the basis of all hospital discharge records from the the

same dataset (Jia, Xierali, and Wang 2015). The
Dartmouth HRR units completely, or partly (as the
Dartmouth HRRs were created on a national scale),
located in Florida were extracted from the nationwide
HRR map in a GIS format (Geographic Information
Systems) (Center for Evaluative Clinical Sciences 1999).

2.2. Extracting tertiary discharge records

Based on the definition of the Dartmouth HRRs, the
specialized patients in this study were defined as the
patients receiving at least one surgery on the cardiovas-
cular or nervous systems in 2011, in contrast to the
overall patients (i.e. all patients recorded in the 2011
SID). We used the Clinical Classification Software (CCS),
developed based on the International Classification of
Diseases, 9" Revision, Clinical Modification (ICD-9-CM),
for aggregating patient diagnoses and procedures into
a manageable number of clinically meaningful cate-
gories. The corresponding attributes in the SID were
DXCCS (diagnosis classification) and PRCCS (procedure
classification). A total of 377,601 specialized discharge
records were extracted from the 2011 SID in Florida,
which included 358,487 cardiovascular discharges
(PRCCS code between 43 and 63) from 214 hospitals
and 22,673 neurological discharges (PRCCS code
between 6 and 9) from 181 hospitals, with 33,559 dis-
charges receiving both types of surgeries during their
hospitalization. Cardiovascular surgical services were
provided in all 181 hospitals that provided neurological
services, which were also called specialized hospitals.

2.3. Evaluating the Dartmouth HRRs

The specialized discharge records covered by all types
of insurance status including self-pay were extracted
from the 2011 SID and geocoded by patients’ residen-
tial ZIP codes. The specialized patient-to-hospital tra-
vel flows were constructed based on their residential
ZIP codes and the hospitals they visited, and subse-
quently matched to the Dartmouth HRRs.
A localization index (LI) (Klauss et al. 2005; Jia, Xierali,
and Wang 2015) was defined as the fraction of specia-
lized discharges of HRR residents that occurred within
their own HRR, and was adapted to measure the
degree of self-containment of the Dartmouth HRRs.
For example, an LI value of 1 denoted that all tertiary
hospital care for residents was provided within their
HRRs. According to the eligibility rules for the
Dartmouth HRR, only the HRR units with LI >0.65
were considered as independent, eligible HRRs.
(Center for Evaluative Clinical Sciences 1999)



2.4. Constructing the contemporary HRRs

The Dartmouth method was replicated to construct the
contemporary HRRs on the basis of the recently created
HSAs and specialized discharge records, in order to be
comparable with the Dartmouth HRRs. However, this
replication was conducted at a finer scale than the ori-
ginal Dartmouth method, i.e. HSAs were assigned to
specialized hospitals instead of cities. The eligibility
rules for Dartmouth HRRs were also applied whereby
both a minimum population size of 120,000 and LI
>0.65 needed to be satisfied within each eligible HRR.
(Center for Evaluative Clinical Sciences 1999) A brief
recap of the production of the recently created HSAs
(Step 1-4) and a description of the aggregation and
adjustment processes for the contemporary HRRs (Step
5-7), illustrated in Figure 1, were also described as
follows:

(1) Each hospital was assigned to a ZIP code by
location, which was referred to as a hospital
region;

(2) Each remaining ZIP code was assigned to the
hospital region that most patients in that ZIP
code visited, and the ZIP codes assigned to the
same hospital region were grouped into an initial
HSA;

(3) Each disconnected ZIP code was re-assigned to an
adjacent initial HSA that admitted more patients
from that ZIP code relative to other adjacent initial
HSA(s), to ensure the geographic contiguity of all
ZIP codes in each initial HSA;

(4) Each initial HSA with LI <0.5 was iteratively
merged into the neighbouring initial HSA that
admitted more patients from that initial HSA rela-
tive to other neighbouring HSA(s), to ensure LI
>0.5 for all final HSAs;

(5) Each final HSA was further assigned to
a specialized hospital to which most specialized
patients in that HSA were referred, and each col-
lection of HSAs assigned to the same specialized
hospital formed an initial HRR;

(6) Each initial HRR with LI <0.65 was merged with
an adjacent initial HRR that admitted more
patients from that initial HRR relative to other
adjacent HRR(s), to ensure LI =0.65 for all com-
bined HRRs;

(7) Each HRR with a population size <120,000 was
merged with an adjacent HRR that admitted
more patients from that HRR relative to other
adjacent HRR(s), to ensure the population size
>120,000 for all combined HRRs, which were also
referred to as contemporary HRRs.
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Figure 1. Flowchart for generating the contemporary Hospital
Referral Regions (HRRs). LI — Localization Index.

2.5. Comparing new and original Dartmouth HRRs

The contemporary HRRs and Dartmouth HRRs were
visually and statistically compared in terms of the num-
ber of HRR units, LI, and number of hospitals within HRR
units. Boundaries of the contemporary HRRs were over-
laid with those of the Dartmouth HRRs for a visual com-
parison. A two-independent sample t-test was used for
comparing the mean Lls of two sets of HRRs, prior to
which a natural log transformation was conducted to
alleviate the skewed distribution of two groups of Lls.
In order to elucidate the influences of changes of HRR
boundaries on health services research, Florida’s dis-
charge records in 2011 were assigned to both contem-
porary HRRs and Dartmouth HRRs to calculate 1)
percentage of invasive surgical procedures performed
among all cardiovascular and neurological discharges,
also termed surgery rate, and 2) average hospital charges
for cardiovascular and neurological surgeries within two
sets of units separately. Furthermore, two sets of bound-
aries were overlaid to examine the variation in the con-
temporary HRR-level surgery rates and the average
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hospital inpatient charges within original HRRs. Notably,
HRR was assumed to be the most basic analytical unit for
tertiary healthcare studies, so surgery rates and hospital
charges were considered homogeneous within HRRs.

Given a set of features and an associated attribute,
Local Moran’s | (Anselin, Syabri, and Kho 2006) was the
most common spatial statistics to identify spatial clusters
of features with values similar in magnitude (i.e. clusters
of high or low values) and spatial outliers (i.e. high values
surrounded by low values, or low values surrounded by
high values) based on feature locations and values simul-
taneously. This study utilized Local Moran’s | to measure
clustering patterns of cardiovascular and neurological
surgery rates and average hospital charges across
Dartmouth HRRs and contemporary HRRs separately.

All statistical and spatial analyses were conducted in
SPSS 24 (IBM Corporation, USA, 2016) and ArcGIS v10.6.1
(ESRI, Redland, CA, USA), respectively.

3. Results
3.1. Contemporary HRRs

The recently created HSAs in Florida consisted of 78
units that were merged from 983 ZIP codes, with LI
ranging from 0.50-0.93 and a mean of 0.65 + 0.12 (stan-
dard deviation). The specialized hospital admitting the
largest percentage of specialized patients from a given
HSA was identified as the main specialized hospital for
that HSA. The percentage of specialized patients referred
to their main hospitals among 78 HSAs ranged from
18.6% to 75.1%, with a mean of 47.5%+14.0%.
Assigning each HSA to its main hospital and grouping
all HSAs assigned to the same hospital, 78 HSAs were
further aggregated into 73 initial HRRs with LI from only
0.50-0.93 and a mean of 0.67 + 0.12, despite a global
LI = 0.73 on the basis of the initial HRR boundaries (i.e.
1,725,130 out of 2,376,743 patients stayed within their
HRRs for hospitalization). Enforcing local LI =0.65, 73
initial HRRs were merged into 41 units with LI ranging
from 0.65-0.97, with a mean of 0.80 + 0.09 and the
global LI increased to 0.83, which were further merged
into 38 final HRRs after enforcing population size
>120,000. The final HRRs (i.e. the contemporary HRRs)
had LI remain from 0.65-0.97, with a mean of
0.81 = 0.09 and a similar global LI of 0.83 (precisely
0.834, increased from 0.831 for the initial HRRs).

3.2. Comparing Dartmouth and contemporary
HRRs

There were 19 Dartmouth HRR units completely or partly
located in Florida, with each HRR labelled by the name of

the core city within that HRR (Figure 2). Four units
crossed Florida’s northern boundary. Most areas of the
AL-Dothan HRR were located in Alabama, within which
most of the patients living on the south (Florida’s) side of
the state boundary were referred to the specialized
hospitals in Dothan for cardiovascular and neurological
surgeries. Such phenomenon also existed in other three
boundary-crossing HRRs (FL-Pensacola, FL-Tallahassee,
and FL-Jacksonville), but was in a converse situation
that most of the patients within those three HRRs and
living on the north (Alabama’s) side of the state bound-

ary were referred to Pensacola, Tallahassee, and
Jacksonville for cardiovascular and neurological
surgeries.

After overlaying the contemporary HRRs with the
Dartmouth HRRs where each metropolitan area consti-
tuted one HRR, one can see that, as of 2011, a varying
number of self-contained tertiary healthcare markets
have emerged within some metropolitan areas
(Figure 2). For example, the Orlando HRR included com-
pletely or partly 10 new HRR units; Fort Lauderdale and
Fort Myers HRRs included 5 new units; Miami HRR was
divided into three units, and each of Pensacola, Ocala,
Hudson, and Ormond Beach HRRs was split into two
separate units. The boundaries of some HRRs have
remained roughly the same over the past two decades,
such as Gainesville, Clearwater, St Petersburg, Tampa,
Lakeland, Bradenton, and Sarasota. Tallahassee and
Jacksonville HRRs, although with a large part of their
areas located outside of Florida in 1992-1993, their
remaining areas within Florida could independently
stand as self-contained HRRs in 2011. The Floridian part
of the AL-Dothan HRR was primarily combined with the
Panama City HRR into a new HRR in 2011.

Of the 19 Dartmouth HRRs, the numbers of hospitals
included in one HRR ranged from one to 33, with an
average of 10 hospitals in each HRR and the LlIs ranging
from 0.34 to 0.98. Of the 38 contemporary HRRs, the
numbers of hospitals included in one HRR ranged from
two to 14, with an average of five hospitals in each HRR.
There were not significant differences (two-tailed
p = 0.634) in the log-transformed Lls for the contempor-
ary HRRs (mean = —0.185, SD = 0.231) and Dartmouth
HRRs (mean = —0.207, SD = 0.104). Therefore, a two-fold
increase in the number of HRR units did not significantly
lower the degree of self-containment of the contempor-
ary HRRs.

3.3. Tertiary surgery rates and hospital charge
within HRRs

The rates of cardiovascular/neurological surgeries and
average hospital charges for cardiovascular/neurological
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Figure 2. Boundaries of the Dartmouth HRRs and the contemporary HRRs.

surgeries were calculated based on Florida's discharge
records in 2011 for both Dartmouth HRRs and contem-
porary HRRs. Variations of contemporary HRR-level sur-
gery rates and hospital charges were observed within
the Dartmouth HRRs to different extents (Table 1). For
example, the rate of cardiovascular surgeries in the
St. Petersburg HRR (51%) remained nearly the same
after being measured over the new HRR units (51-52%).
In most of the Dartmouth HRR units, the rates calculated
over the new HRR units varied around the ones over the
Dartmouth HRRs. For example, the rates of cardiovascu-
lar surgeries calculated over the new HRR units (45-58%)
within the Orlando HRR varied around the rate of the
Orlando HRR (52%). In some Dartmouth HRR units, the
rates calculated over the new HRR units have generally
increased. For example, the rate of cardiovascular sur-
geries was 45% in the Lakeland HRR; however, the rates
calculated over the new HRRs ranged from 46-57%
within the Lakeland HRR.

The influences of changes of HRR boundaries on the
clustering patterns of surgery rates (Figure 3) and hospi-
tal charges (Figure 4) were illustrated on a broad scale.
The clustering patterns of high and low surgery rates

changed when adopting different HRR boundaries. The
Jacksonville HRR area was a cluster of low rates of cardi-
ovascular surgeries on the Dartmouth HRR map (Figure 3
(a)), which expanded towards the west to encompass
Gainesville and Lake City areas on the contemporary HRR
map (Figure 3(b)). A cluster of high rates of cardiovascu-
lar surgeries (i.e. Sarasota HRR) shifted towards the east
to the area between Lake Okeechobee and east coast-
line (Figure 3(a,b)). A cluster of high rates of neurosur-
geries also shifted towards the east to the same region
as did the cluster of high rates of cardiovascular sur-
geries (Figure 3(c,d)). A cluster of low rates of neurosur-
geries emerged in the Palm Bay area on the
contemporary HRR map (Figure 3(d)).

A cluster of high hospital charges for cardiovascular
surgeries has remained in Miami and Key West areas
over the past two decades (Figure 4(a,b)). The relatively
low hospital charges for cardiovascular surgeries clus-
tered in the Panama City area on the Dartmouth HRR
map (Figure 4(a)), and moved to the Ormond Beach area
on the contemporary HRR map (Figure 4(b)). A cluster of
low hospital charges for neurological surgeries has
remained in Panama City and Tallahassee areas over
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Table 1. Rates of and average hospital charges for invasive cardiovascular and neurological surgeries of the Dartmouth HRRs (Value*)

and their variation within the Dartmouth HRRs (Variation*¥).

Dartmouth HRRs

Cardio surgery rate

Neuro surgery

Cardio hospital

Neuro hospital

(unit: %) rate (unit: %) charge (unit: $1,000) charge (unit: $1,000)
Value Variation Value Variation Value Variation Value Variation
AL-Dothan 1 48-50 91 91-94 62 71-89 68 62-90
FL-Bradenton 57 49-57 88 87-95 102 86-110 110 107-124
FL-Clearwater 52 49-55 87 86-91 95 97-119 114 113-121
FL-Fort Lauderdale 51 48-58 91 86-97 115 105-131 110 88-139
FL-Fort Myers 54 50-57 96 88-98 89 82-140 69 61-148
FL-Gainesville 43 42-45 91 91-93 97 95-98 90 82-90
FL-Hudson 54 49-55 94 88-97 120 70-132 126 81-132
FL-Jacksonville 45 42-56 93 91-93 95 74-98 82 81-90
FL-Lakeland 45 46-57 93 82-95 92 86-114 147 109-138
FL-Miami 50 48-53 90 89-92 134 114-140 143 88-148
FL-Ocala 53 42-54 920 89-97 82 70-132 920 81-132
FL-Orlando 52 45-58 86 78-97 95 70-132 112 81-138
FL-Ormond Beach 56 45-56 91 87-93 74 74-95 78 81-104
FL-Panama City 52 48-51 95 91-94 73 71-89 86 62-90
FL-Pensacola 48 48-51 93 93-94 89 71-89 920 85-90
FL-Sarasota 58 52-57 89 87-95 97 86-110 110 107-124
FL-St. Petersburg 51 51-52 87 86-88 119 97-119 115 113-116
FL-Tallahassee 50 42-51 91 91-94 85 71-98 64 62-90
FL-Tampa 49 46-57 91 87-97 112 70-132 113 81-138

*The value of a given Dartmouth HRR unit was calculated based on all cardiovascular (cardio) and neurological (neuro) discharge records in 2011 assigned to

that Dartmouth HRR unit.

**The variation within a given Dartmouth HRR unit was denoted by the lowest and highest values of the contemporary HRRs that cross that Dartmouth HRR
unit, which was calculated based on all cardiovascular and neurological discharge records in 2011 assigned to the contemporary HRRs, and then overlaid with

the Dartmouth HRRs.

the past two decades (Figure 4(c,d)). Two clusters of high
hospital charges for neurological surgeries emerged in
North Miami and Key West areas on the contemporary
HRR map (Figure 4(d)).

4. Discussion

The Dartmouth HRRs have been considered the banner
analytical unit in a growing body of healthcare related
studies, which means that some characteristics and per-
formances of the hospitals, especially those related to
tertiary healthcare, are considered homogeneous within
the HRRs, such as performance rates of and hospital
charges for cardiovascular and neurological surgeries.
Given the prominent roles of the HRRs in healthcare
studies, the original 1992-1993 Medicare-based
Dartmouth HRRs need to be re-delineated based on
contemporary and overall patient data, to be represen-
tative of the overall population. This study replicated the
Dartmouth method in Florida on the basis of the specia-
lized discharge data from all Floridian hospitals in 2011,
to produce the contemporary HRRs. The contemporary
HRRs were found comparable with the Dartmouth HRRs
in terms of the extent of self-containment of HRR units.
Compared to the Dartmouth HRRs, the contemporary
HRRs doubled the number of HRR units (38 versus 19)
and halved the number of hospitals on average within
the HRRs (5 versus 10). Differences of HRR boundaries

have produced the variation in rates of and average
hospital charges for cardiovascular and neurological sur-
geries within the Dartmouth HRR units, and also changed
the clustering patterns of surgery rates and hospital
charges at a state level.

The traditional method for HRR delineation has been
restricted by limited availability of fine-scale character-
istics of health data (e.g. patient addresses in hospital
records) and capacity for implementing spatial analyses.
The Dartmouth HRR boundaries are outdated due pri-
marily to data and technical limitations as well as the
increasing number of specialized hospitals, which result
in the emergence of sub-markets within the original
healthcare markets. In this study, we located hospitals
in ZIP codes and assigned HSAs to hospital ZIP codes
instead of cities, to construct the contemporary HRRs at
a finer scale than did the traditional Dartmouth method.
A smaller number of hospitals within the contemporary
HRRs on average makes it rather easier to identify
sources of variations among HRRs (e.g. hospital perfor-
mance and charge).

Both the boundaries of HRRs and underlying HSAs
have significantly changed over the past two decades:
there were 78 units in the recently created HSAs com-
pared to 114 units in the Dartmouth HSAs, and there
were 38 units in the contemporary HRRs compared to 19
units in the Dartmouth HRRs. The variation implied that
patients have generally covered a longer distance to
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Figure 3. Variations in cardiovascular and neurological surgery rates across and within the Dartmouth HRRs (calculated over the
contemporary HRRs): (a) cardiovascular surgery rates across the Dartmouth HRRs; (b) cardiovascular surgery rates across the
contemporary HRRs; (c) neurological surgery rates across the Dartmouth HRRs; (d) neurological surgery rates across the contemporary
HRRs. Red and blue circles highlight statistically significant clusters of high and low values, respectively. The contemporary HRR
boundaries are removed for a clearer visualization in (b) and (d). In (b) and (d), the blank areas in the north are outside of Florida, and
the blank areas in Florida (‘holes’) are uninhabitable areas (e.g. water bodies, marsh).

hospitals; on the other side, more hospitals have pro-
vided cardiovascular surgery services as surgical capaci-
ties diffused over the years, patients with specialized
needs did not have to travel as far as before to receive
specialized services. These variations in the travel pat-
terns of general and specialized patients should be uti-
lized in future efforts for delineating both the HRRs and
HSAs, which are expected to have a greater level of
technical sophistication and automation, and a lesser
degree of data dependency (Jia, Wang, and Xierali
2017b, 2019; lJia and Xierali 2015). For example,
a refined Huff model (Jia, Wang, and Xierali 2017b) and
a community detection method (Hu, Wang, and Xierali

2018) might be potential optimistic approaches due to
their ability to capture travel behaviours of patients and
to partition nodes in a network into natural groups,
respectively. Also, the changed HSA and HRR boundaries
may also reflect alteration of the underlying healthcare
markets in a variety of aspects, such as hospital practice
and spending, as shown in this study.

Another strength of the contemporary HRRs is that it is
built with all-payer data as compared to Dartmouth HRRs
which depended on a single-payer (i.e. Medicare) data-
set. While early studies found that the Medicare-only
data may be largely representative of the general popu-
lation for healthcare seeking behaviours, (Chernew et al.
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Figure 4. Variations in average hospital charges for cardiovascular and neurological surgeries across and within the Dartmouth HRRs
(calculated over the contemporary HRRs): (a) average hospital charges for cardiovascular surgeries across the Dartmouth HRRs; (b)
average hospital charges for cardiovascular surgeries across the contemporary HRRs; (c) average hospital charges for neurological
surgeries across the Dartmouth HRRs; (d) average hospital charges for neurological surgeries across the contemporary HRRs. Red and
blue circles highlight statistically significant clusters of high and low values, respectively. The contemporary HRR boundaries are
removed for a clearer visualization in (b) and (d). In (b) and (d), the blank areas in the north are outside of Florida, and the blank areas
in Florida (‘holes’) are uninhabitable areas (e.g. water bodies, marsh).

2010) such an assumption needs to be reassessed given
the changes in the U.S. healthcare landscape in the last
two decades. The differences in health insurance cov-
erages, for instance, private vs public health insurances,
can impact patient travel patterns differently and may
explain part of the differences between contemporary
HRRs vs Dartmouth HRRs. (Jia, Wang, and Xierali 2019)
Some limitations of this study remain and need to be
overcome in future efforts. First, patients seeking differ-
ent types of specialized services may demonstrate vary-
ing travel patterns, and they need to be examined
separately prior to being merged together. For example,
cardiovascular and neurological patients may show

different patterns in terms of travelling for respective
services. Secondly, to make the definition of specialized
services in this study compatible with the previous one
defined by the Dartmouth Institute for Health Policy and
Clinical Practice (IHPCP), some other tertiary services
were not included for constructing HRRs, such as cancer
surgeries. The scope of specialized services needs to be
refined based on more solid and contemporary evi-
dence. Thirdly, the contemporary HRRs in Florida were
produced in an isolated environment without taking
into account any influence from other states, such as
the patients going to out-of-state hospitals and the out-
of-state patients going to hospitals in Florida. Those



contemporary HRRs in northern Florida should be used
with caution, as new HRR boundaries may vary when
considering the data from neighbouring states. For
example, Dothan, serving as the main commercial and
economic hub for a significant part of southeastern
Alabama, possesses several prominent hospitals that
offer plenty of specialized services. A considerable
portion of patients residing in the new HRR unit that
comprised the FL-Panama City HRR and part of the AL-
Dothan HRR in the Dartmouth HRR system, may still go to
hospitals in Dothan for tertiary surgeries. This also
implies that the landscape of healthcare delivery as
indicated by a nationwide analysis of HRRs could be
locally different from what is indicated by statewide
HRRs alone, especially those areas near state boundaries.
Given the necessity of updating the Dartmouth HRRs,
a set of nationwide HRRs based on up-to-date hospital
discharge/admission data seems warranted.
Unfortunately, the HCUP data used for this study in
Florida are only available for selected states, not nation-
wide. Furthermore, the medical field is experiencing an
explosion of knowledge and development of new drug
and more effective, also less invasive, surgical proce-
dures. This could explain some of the differences
between the Dartmouth HRRs and contemporary HRRs,
which further calls for update to the Dartmouth HRRs.

Overall, this study is the first to evaluate the
popular Dartmouth HRRs. It not only demonstrates the
necessity of updating the Dartmouth HRRs, but also
paves the way for future studies assessing and maintain-
ing the effectiveness of rational HRRs. The contemporary
HRRs hold values for a wide variety of health policy
themes, including hospital policy-making, optimization
of healthcare systems and resources, measurement of
competition in healthcare markets, and studies relevant
to health-seeking behaviour of patients, especially of
chronically ill patients (e.g. obesity and cardiovascular
disease). More broadly, this study serves as
a demonstration of how spatial epidemiological
approaches and big health data could be utilized to
evaluate and improve health-related products (e.g. con-
cepts, boundaries) on the basis of the traditional data-
sets, (Jia et al. 2019; Jia 2019) and holds great potential
to revolutionize the understanding of public health and
healthcare systems in countries where new big (health)
data are rapidly emerging and increasingly available. (Jia
and Yang 2020)
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