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BACKGROUND: Understanding resource utilization pat-
terns among high-cost patients may inform cost reduc-
tion strategies.
OBJECTIVE: To identify patterns of high-cost healthcare
utilization and associated clinical diagnoses and to quan-
tify the significance of hot-spotters among high-cost
users.
DESIGN: Retrospective analysis of high-cost patients
in 2012 using data from electronic medical records,
internal cost accounting, and the Centers for Medi-
care and Medicaid Services. K-medoids cluster anal-
ysis was performed on utilization measures of the
highest-cost decile of patients. Clusters were com-
pared using clinical diagnoses. We defined Bhot-
spotters^ as those in the highest-cost decile with
≥4 hospitalizations or ED visits during the study
period.
PARTICIPANTS AND EXPOSURE: A total of 14,855
Medicare Fee-for-service beneficiaries identified by
the Medicare Quality Resource and Use Report as
having received 100 % of inpatient care and ≥90 %
of primary care services at Cleveland Clinic Health
System (CCHS) in Northeast Ohio. The highest-cost
decile was selected from this population.
MAIN MEASURES: Healthcare uti l ization and
diagnoses.
KEY RESULTS: The highest-cost decile of patients
(n = 1486) accounted for 60 % of total costs. We iden-
tified five patient clusters: BAmbulatory,^ with 0
admissions; BSurgical,^ with a median of 2 surgeries;
BCritically Ill,^ with a median of 4 ICU days;
BFrequent Care,^ with a median of 2 admissions, 3
ED visits, and 29 outpatient visits; and BMixed Uti-
lization,^ with 1 median admission and 1 ED visit.
Cancer diagnoses were prevalent in the Ambulatory
group, care complications in the Surgical group, car-
diac diseases in the Critically Ill group, and psychi-
atric disorders in the Frequent Care group. Most
hot-spotters (55 %) were in the Bfrequent care^ clus-
ter. Overall, hot-spotters represented 9 % of the
high-cost population and accounted for 19 % of their
overall costs.
CONCLUSIONS: High-cost patients are heteroge-
neous; most are not so-called Bhot-spotters^ with
frequent admissions. Effective interventions to

reduce costs will require a more multi-faceted ap-
proach to the high-cost population.
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INTRODUCTION

Healthcare costs are concentrated among a small fraction of
the population,1–4 and a reasonable strategy to reduce health-
care costs is to focus efforts on this high-cost group. Most
studies of high-cost patients have focused on how they differ
from the remaining low-cost population, including their older
age, multiple chronic illnesses, and more frequent hospital-
izations.5–7 Commonly, high-cost patients are thought to be
Bhot-spotters,^ i.e., chronic disease patients with a high utili-
zation of inpatient and emergency services due to inadequate
primary care.8–10

Based on this understanding of high-cost patients, reducing
admissions through outpatient care coordination—including
programs to increase patient adherence to medications and self
care, facilitate patient-physician communication, and numer-
ous other activities11–13—is an appealing method of reducing
healthcare costs. However, care coordination programs, which
generally emphasize intensive telephone and office-based fol-
low-up, have not yielded definitive savings.14,15 One explana-
tion is that high-cost patients are often admitted for non-
preventable causes.16 Another observation is that there are at
least two types of high-cost inpatient groups: patients with
frequent medical admissions and surgical patients with infre-
quent admissions, whose utilization is unlikely to be affected
by intensive outpatient follow-up.17

Thus, not all high-cost patients may benefit from care
coordination. The proportion of high-cost patients with fre-
quent hospitalizations and ED visits is unknown, and care
coordination may not affect other types of high-cost utiliza-
tion. Better characterization of the spectrum of high-cost uti-
lization patterns can offer insights to inform cost-reduction
strategies.
The purpose of this study was to characterize the utilization

patterns of high-cost patients. First, we performed a cluster

Received November 30, 2015
Revised May 17, 2016
Accepted June 14, 2016
Published online August 1, 2016

28

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-016-3790-3&domain=pdf


analysis of high-cost patients’ inpatient and outpatient utiliza-
tion over 1 year. We then examined characteristic conditions
and mortality rates among clusters. Finally, we sought to
quantify the extent to which high-cost patients were also hot-
spotters of admissions and ED visits and to quantify the
contribution of hot-spotters to the total cost of high-cost
patients.

METHODS

Patients and Setting

We performed a retrospective chart review of high-cost
patients in a single health system. As part of the Physician
Feedback/Value-Based Payment Modifier Program, the Cen-
ter for Medicare and Medicaid Services (CMS) provides com-
parative performance information through the Quality and
Resource Use Report (QRUR).18 Individual-level data provid-
ed in the report include the percentage of primary care services
billed to the provider group and the dates and admitting
hospitals for all hospitalizations, excluding those with a pri-
mary diagnosis of alcohol and substance abuse. Using the
2012 QRUR, we identified 14,855 Medicare fee-for-service
patients whowere hospitalized exclusively at Cleveland Clinic
Health System (CCHS) hospitals and received at least 90
percent of their primary care services at a CCHS facility in
2012. We included all patients meeting these criteria, includ-
ing those younger than 65 who received Medicare for other
qualifying conditions. CCHS is a nonprofit, multispecialty
practice comprising a 1440-bed academic medical center,
eight community hospitals, and over 75 regional outpatient
clinics in Northeast Ohio.

Cost

For each patient, costs were derived from the health system’s
cost-accounting system (Enterprise Performance Systems), a
commercially available automated system that integrates mul-
tiple data sources to calculate costs at a charge code level per
patient for services rendered. We summed all direct and indi-
rect costs per patient associated with receiving care at a CCHS
facility, including the cost of diagnostic tests, imaging,
hospital-administered drugs, Emergency Department services,
administrative overhead, and physician salaries. The costs of
post-acute services were included only for those patients who
were admitted to a CCHS post-acute care facility. We could
not estimate the cost of outpatient medication filled at outside
pharmacies. We defined high-cost patients as those in the top
decile of costs, as others have previously defined high
cost.16,17,19

Utilization Measures, Diagnoses,
and Procedures

The electronic medical record (EMR) was used to extract
counts of admissions, total hospital days, inpatient surgeries,

ICU days, ED visits, primary care (PCP) visits, specialist
physician visits, and all other outpatient visits. We used Clin-
ical Conditions Software (CCS) to classify primary and sec-
ondary ICD-9 diagnosis and procedures codes into clinically
meaningful categories.20 The AHRQ Procedure Classes Soft-
ware was used to identify ICD-9 procedure codes as major OR
procedures.21 We studied the prevalence of a limited number
of high-cost diagnoses and procedures in our population. We
defined Bhigh-cost^ diagnoses based on a literature search;
conditions previously identified as Bhigh cost^ included
COPD, heart failure, COPD, osteoarthritis, and sepsis.16,22–24

We also used our clinical judgment and added diagnoses with
potentially significant influence on cost, such as Babdominal
pain.^

Cluster Analysis

Inpatient costs, outpatient costs, inpatient days, hospital
admissions, ICU days, ED visits, and major inpatient OR
procedures were log-transformed. All variables were then
range standardized.25

Cluster analysis is an exploratory method of data analysis
whereby groups of individual data points (in this case patients)
are formed based on similarity across variables of interest.26

Given the skewed nature of the above variables, the k-medoids
method of data clustering was selected because of its robust-
ness to outliers.27–29 An important decision in a clustering
analysis is to determine the number of clusters (k) to investi-
gate. K-medoids requires that the number of clusters be spec-
ified beforehand. To this end, we first employed Ward’s hier-
archical minimum variance method to create a clustering
dendrogram.30 This diagram, along with PCA plots and the
within-cluster error sum of squares, was used to characterize
potential clusters and inform our selection of the cluster num-
ber. Based on these, we specified five as the number of clusters
for the k-medoids analysis. The centroids from the k = 5
Ward’s clustering were also used as the initial seeds for k-
medoids. Next, the k-medoids algorithm was run to produce
our final clusters.
Cluster validity was assessed via a cross validation tech-

nique, in which the data were repeatedly split into random
halves and each half was independently clustered for a thou-
sand repetitions. Cluster validity was then expressed as the
proportion of repetitions wherein clustering labels matched
cross-classification labels, which we termed cluster stability.
In addition to a mathematical assessment of cluster validity,
clinical information not included in the clustering algorithm
can be used to verify cluster validity.26 Therefore, to better
understand our clusters we examined the frequency of primary
and secondary diagnoses within each cluster. First, we exam-
ined the most common primary high-cost diagnoses across the
five clusters. Next, we examined the relative incidences of
high-cost conditions, both primary and secondary, across all
clusters. Odds ratios were calculated based on high-cost con-
dition prevalence in each utilization cluster compared to high-
cost condition prevalence in the overall high-cost utilization
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group. R version 3.0.2 was used for all analyses. The cluster
package version 2.0.3 was used for cluster analyses.

Definition of Hot-Spotters

BFrequent ED visits^ are commonly defined as four or more in
a year.31,32 The definition of Bfrequent hospitalizations^
ranges widely, from 2 to 6.17,33–37 Based on the literature
and the distribution of ED visits and admission in our own
study population, we defined hot-spotters as those with four or
more hospitalizations, ED visits, or both during the study
period; these patients were in the 95th percentile for each of
those utilization categories.

RESULTS

Our high-cost sample included 1486 patients; 55%weremale,
and mean age was 66, which was significantly younger than
the rest of the population (Table 1). High-cost patients
accounted for 60 % of total costs; the most expensive 5 % of
the population accounted for nearly 45 %, and the most
expensive 1 % of the population accounted for 19 % of total
costs. Only half of the high-cost population’s costs were
attributable to hospital admissions; however, the vast majority
(87 %) of the total population’s inpatient cost was concentrat-
ed in the high-cost decile.
In the cluster analysis, we identified five clusters (Table 2).

The Bambulatory^ cluster primarily received outpatient care;
cancer and chemotherapy were common conditions in this

group (Table 3). The Bsurgical^ cluster had a median of two
inpatient surgeries, compared to none in the other groups.
They had the highest odds of care complications and osteoar-
thritis. Sixty-one percent of these patients with osteoarthritis
underwent arthroplasty. BCritically Ill^ patients had a median
of 4 days in the ICU, while ICU stays were rare for the other
groups. Critically ill patients had higher odds of heart failure
and cardiac arrhythmia and arrest and the highest median
inpatient costs. The BFrequent Care^ cluster had a median of
2 admissions, 3 ED visits, and 29 outpatient visits, placing
them at or near the top of these utilization categories. Psychi-
atric disorders, substance abuse, and COPD/asthmawere com-
mon. BMixed Utilization^ patients had a median of one ad-
mission, one ED visit, and 23 outpatient visits.
Hot-spotters (n = 130), i.e., those with four or more admis-

sions (n = 55), four or more ED visits (n = 29), or both (n =
46), were 52 % male with a mean age of 62. They accounted
for 9 % of high-cost patients and 19 % of that population’s
costs (11 % of the total population’s costs; Fig. 1). Fifty-five
percent of hot-spotters were in the BFrequent Care^ cluster,
37 % in the BCritically Ill^ cluster, 5 % in the BMixed Uti-
lization^ cluster, and the remaining 2 % in the other clusters.
Hot-spotters had a wide range of admissions and ED visits
(Fig. 2). Hot-spotters had a 14 % 1-year mortality rate, higher
than 8.6 % observed among all high-cost patients.

DISCUSSION

Previous reports on high-cost patients have compared differ-
ences among high- and low-cost patients, highlighting the fact
that high-cost patients are admitted more frequently and have
more chronic diseases, but few have characterized differences
among high-cost patients. In this study, we identified five
distinct phenotypes of high-cost patients with diverse drivers
of cost and quantified the significance of hot-spotters among
them. The majority of Bhot-spotters^ were in the cluster of
patients who had frequent care, and as expected, they were
very expensive. This top 1 % of the total population accounted
for 11 % of their entire cost. Notably, they had high mortality
rates, consistent with observations that high-cost patients are

Table 1 Characteristics of the High-Cost Population Compared to
Low-Cost

High-cost
population

Low-cost
population

n 1486 13,369
Male (%) 55 51
Average age (SD) 66 (14) 70 (11)
% of Total cost 60 40
% of Group cost attributable
to inpatient utilization

48 9

Median inpatient days (IQR) 4 (9) 0 (0)

Table 2 Results: Cluster Analysis of Utilization Among High-Cost Clusters, Median (Inter-Quartile Range)

Ambulatory Care Surgical Critically Ill Frequent Care Mixed Utilization

Patients (n)* 415 297 164 281 329
Age* 68 (14) 68 (10) 69 (23) 67 (23) 68 (14)
Admissions 0 (0) 1 (1) 2 (2) 2 (1) 1 (0)
Inpatient days 0 (0) 5.8 (6.1) 19.4 (18.6) 11.8 (10.0) 4.8 (3.6)
ICU days 0 (0) 0 (0.2) 4.0 (4.3) 0 (0) 0 (0)
Inpatient surgeries 0 (0) 2 (1) 0 (1) 0 (0) 0 (0)
ED Visits 0 (1) 0 (1) 2 (3) 3 (3) 1 (2)
PCP visits 2 (3) 2 (4) 2 (4) 3 (5) 3 (4)
Specialist visits 14 (13) 9 (8) 10 (12) 13 (13) 11 (10)
Ancillary visits 10 (13) 12 (13) 9 (17) 13 (18) 9 (14)
Inpatient costs ($) 0 27,851 48,019 22,453 12,611
Outpatient costs ($) 30,266 10,645 12,106 16,564 15,794

*Represents variables that were not incorporated in the cluster analysis
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those near the end of life.38–40 Care coordination efforts may
be most effective when targeted at the remainder of the fre-
quent care group, which was characterized by comorbid psy-
chiatric illness, substance abuse, and asthma/COPD.
However, hot-spotters and other frequent utilizers repre-

sented only a small portion of high-cost patients and their
costs. Our observations suggest that limited cost savings can
be achieved by targeting frequent hospitalizations alone. For
example, the ambulatory cluster of high-cost patients had no
inpatient utilization at all. This group had high rates of chemo-
and/or radiation therapy and other treatments for cancer. With
the projected rise of cancer incidence and treatment cost, their
contribution to overall costs will likely accelerate.41–43 Few

programs are aimed at reducing cancer costs, but tools that
allow patients and providers to weigh treatment options based
on cost vs. marginal benefit are available.44

Another cluster had costs driven primarily by surgery.
Others have observed surgeries to contribute to high costs
without frequent admissions.17 Almost half of total hospital
costs may be attributable to stays involving OR procedures,
the most common of which involve the musculoskeletal sys-
tem.45,46 Joint replacements represent the largest portion of

Table 3 Percent Prevalence of High-Cost Conditions among the Five High-Cost Utilization Clusters

Overall %
(N = 1486)

Ambulatory %
(n = 415)

Surgical %
(n = 297)

Critically Ill %
(n = 164)

Frequent Care %
(n = 281)

Mixed Utilization %
(n = 329)

Cancer 52 63 ** 52 34** 47 52
Diabetes 42 34** 47 50* 45 42
Cardiac arrhythmia/arrest 40 22 ** 41 62** 44 38
Ischemic heart disease 33 20 ** 37 48** 35 34
Renal disease 29 15 ** 23** 55** 34** 32
Trauma 27 20 ** 22* 36** 44 ** 22 *
Osteoarthritis 26 23 29 20 28 27
Heart failure 21 7 ** 16 43** 29 ** 25
Procedure/device complication 20 9 ** 22 36** 25** 17
COPD/asthma 24 15 ** 21 27 40 ** 24
Abdominal pain 16 13 8** 19 26 ** 15
Chemo-radiation 15 29 ** 6 ** 6** 12 14
Cerebrovascular disease 14 9 ** 16 22** 14 14
Heart valve disorder 16 9 ** 17 28** 19 16
Psychiatric disorder 25 18 ** 20* 30 39 ** 22
Complication of care 23 8 ** 33** 43** 29* 17*
Pneumonia 7 2 ** 4 15** 13** 7
Peripheral atherosclerosis 15 7** 17 24** 20* 15
Substance-related disorder 7 3** 4 9 14** 6
Respiratory failure 8 1** 6 35** 10 4*
Cognitive disorder 5 2** 3 9 * 8* 6
Liver disease 5 3* 5 6 8* 3
Sepsis 4 0 2 17** 8** 3

*p ≤ 0.05, **p ≤ 0.01, p-values compare prevalence in the specific utilization cluster to prevalence in the overall high-cost population

Figure 1 Distribution of hot-spotters among high-cost patients and
their attributable costs. Diagonal stripes: hot-spotters. White bar:

remaining high-cost patients. Gray bar: low-cost patients.
Figure 2 Distribution of admissions and ED visits among hot-
spotters. Black bar: Admission counts. White bar: ED visits.
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Medicare payments to hospitals by diagnosis-related group-
ing.47 Some studies suggest that improving efficiency and
bundling payments by episodes of care may result in
substantial savings.48,49 Increasing price transparency
and creating marketplace competition for devices could
also reduce costs.50–52

Critically ill patients represent another high-cost group for
whom care coordination is unlikely to be effective. Critical
care medicine already poses a significant burden on the US
health system, and intensive care units (ICU) continue to
expand.53 With increased ICU bed supply, patients who are
not critically ill and those who are unlikely to survive regard-
less of ICU care may nevertheless be admitted to ICUs,54

highlighting the need for policies that incentivize the judicious
use of ICU resources. Avoiding delays in transfer from the
ICU to regular nursing floors55,56 and appropriate initiation of
palliative care may also reduce costs.57

Table 4 provides a consolidated overview of suggested first
steps that could be taken to decrease healthcare costs based on
our description of these five utilization groups. These sugges-
tions are by no means definitive or comprehensive, as there is
still much to be learned regarding different high-cost utiliza-
tion groups. For starters, we do not know whether patients in a
given cluster 1 year remain in the same utilization cluster the
following year. In addition, high-cost patients in a different
payor group may form different clusters of utilization
groups.58 There were some conditions that were prevalent in
two or more utilization groups, such as renal disease, heart
failure, and procedure/device complications. What drives dif-
ferent patterns of utilization even among patients with the
same disease? Looking at combinations of comorbidities, as
well as disease severity, may help answer this question. For
those patients with frequent admissions, it would be interest-
ing to knowwhat their actual inpatient needs are andwhether a

scaled-down version of inpatient care (whether through obser-
vation services or specific outpatient procedure) could de-
crease their admissions. We also have limited understanding
regarding the drivers of cost in the mixed utilization group.
Further understanding of length of stay in a single admission,
diagnostic tests, and non-OR procedures conducted in this
group might further clarify their drivers of cost.
A major strength of this study is that in using the QRUR

report we were able to identify patients who received care
almost exclusively at our institution. This allowed us to har-
ness EMR and hospital accounting data to identify the entire
spectrum of resource utilization among high-cost patients as
well as compare clinical diagnoses among clusters. Also, by
using cost data from the hospital cost accounting system, we
were able to capture costs more accurately than wewould have
usingMedicare reimbursement rates, which do not necessarily
cover the cost of care. Our study population included an
academic medical center and eight community hospitals, as
well as regional outpatient facilities across Northeast Ohio.
The fact that our distribution of costs was comparable to
reported Medicare costs suggests that our population was
nationally representative.5,59Finally, because our physicians
are employed by the health system, we were able to capture
physician as well as hospital costs.
There are a number of limitations to our study. Our

study population represents a group whose care is more
coordinated than usual—all patients had insurance, re-
ceived primary care services at least once in the year
prior, and received care at a single institution with an
integrated electronic medical record. We included only
Medicare Fee-for-service patients; therefore, conditions
related to trauma or obstetric complications are likely
underrepresented. Hospitalizations due to alcohol and
substance abuse are also underrepresented because the

Table 4 Suggested Steps Toward Reducing Costs in Each Utilization Cluster

Ambulatory Surgical Critically Ill Frequent Utilization Mixed Utilization

Type of Utilization Purely outpatient
utilization, with high
rates of chemo- and/or
radiation therapy

Admitted for
surgical procedures

Utilization of
intensive care
services

Frequent ED
and hospital visits

Minimal annual
utilization of
hospital/ED
resources

Suggested Steps Implementation of tools
that allow patients and
providers to weigh
treatment options
based on cost vs.
marginal benefit

Promote price
transparency
and marketplace
competition for
devices/surgical
parts

Incentives to
reduce delays
from ICU to
hospital floor
transfers

Outpatient-based
care coordination
strategies targeting
disease control and
psychiatric services

Further research
needed

Encourage price
transparency
and market place
competition for
expensive drugs

Transparent
reporting of surgical
costs, resource
use, and complications

Appropriate
initiation of
palliative care
discussions

Identify surgical risk
and avoid high-risk
surgeries
Prevent post-op
delirium

Who Should be Implementing Providers Payors, government Payors Care coordinators,
mental health
specialists

Researchers
Government,
payors

Providers, payors Providers
Researchers, providers
Providers
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2012 QRUR excludes these primary diagnoses. Hot-
spotters may be more prevalent among this group. Al-
though substance abuse and mental health disorders are
common,60 they are rarely reported as the primary cause
of hospitalization. Based on available HCUP data, about
0.005 % of admissions are likely attributable to a pri-
mary diagnosis of alcohol abuse.61

Another limitation is that we did not include costs for
medications, other medical products (e.g., durable medical
equipment), and post-acute care and hospice, which are all
known drivers of cost.49,62,63 In our study, 62 patients
(4 %) were admitted to a CCHS post-acute care facility.
These post-acute care costs were counted as part of their
inpatient costs. Finally, 15 percent of our population had
some costs covered by a secondary payer. Although we
included these costs when they occurred within our sys-
tem, services paid for by a secondary payer at a non-
Cleveland Clinic institution would not have been
identified.

CONCLUSION

Our findings offer a framework for understanding and
approaching high-cost users of healthcare. In a representative
sample ofMedicare Fee for Service patients, high-cost patients
had diverse utilization patterns, and most are not admittedly
frequently. Outpatient-based care coordination may decrease
costs for an important subset of high-cost patients, but a more
comprehensive approach that addresses cancer treatment and
surgery, and that emphasizes the judicious use of critical care
services, may have a more meaningful impact on overall
healthcare spending.
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