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Abstract

Background: Readmissions for skin disease, particularly for the same diagnosis and over time,
have not been well studied.

Objective: To characterize hospital readmissions for skin disease.

Methods: A cross-sectional observational study was performed of the Nationwide Readmissions
Database from 2010-2014, a national sample of hospital discharges in the United States.

Results: Of 3,602,599 dermatologic hospitalizations from 2010-2014, 9.8% were readmitted for
any cause and 3.3% for the same diagnosis within 30 days, and 7.8% for the same diagnosis within
the calendar year (CY). The cost of all CY same-cause readmissions was $508 million per year.
Mycosis fungoides had the highest 30 day all-cause readmission rate (32%), vascular hamartomas
and dermatomyaositis had the highest 30 day same-cause readmission rates (21%, 18%), and
dermatomyositis and systemic lupus erythematosus had the highest CY same-cause readmission
rates (31%, 24%). Readmission rates stayed stable from 2010-2014. Readmission for the same
diagnosis was strongly associated with Medicaid and morbid obesity.

Limitations: This study is a broad description of hospitalizations for skin disease. Conclusions
for individual diseases are not intended.

"Corresponding author: Myron Zhang, MD, 1305 York Ave Floor 9 Box 90, New York, NY 10021, Phone: (646) 962-3376, Fax: (646)
962-0033, zhang.myron@gmail.com.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflicts of Interest: None declared

IRB approval: Exempt



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al. Page 2

Conclusion: The rates and costs of readmissions for skin diseases have remained high from
2010-2014. This study identifies diseases that are high-risk for hospital readmissions, but disease-
specific studies are needed. The diseases and risk factors presented should guide more focused
studies on strategies to reduce readmissions in specific skin diseases.

CAPSULE SUMMARY
* Long term readmissions for skin diseases are poorly understood. We found high and stable rates

and costs of readmissions, with $508 million per year spent on same cause readmissions.

« Identification of diseases at high-risk for readmissions should guide further efforts to reduce
readmissions and costs.
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INTRODUCTION

The burden of dermatologic disease management in the inpatient setting has been
increasingly recognized in recent years. The cutaneous conditions prompting dermatologic
consultation and contributing to inpatient admissions have been described!2 and quantified,
3.4 respectively. Furthermore, dermatologic consultation has been found to improve the
management of these cutaneous conditions within the hospitalization.>-8 There are few
studies of readmissions for skin disease, and the characteristics and costs of readmissions for
the same diagnosis and over time in particular are not well understood. Identifying patterns
of both short and long term readmissions can help inform efforts to reduce associated
morbidity and costs. This study characterizes hospital readmissions for dermatologic disease
using the largest dataset and the most years available in the United States.

METHODS

Study design and patient sample

A cross-sectional observational study was performed using the Nationwide Readmissions
Database (NRD) from 2010 through 2014. The NRD is a national sample of hospital
discharges from 18 participating states in 2010-2012, 21 states in 2013, and 22 states in
2014, comprising about 50% of all hospitalizations in the United States.? The database
includes uninsured patients and enrollees of all payer types, including Medicare, privately
insured, and both fee for service and managed care Medicaid. Sample weights are provided
for each admission, allowing for estimates of national admission numbers. Each admission
contains a patient identification number, allowing linkage to all readmissions in the same
state within the calendar year. Each data entry also contains principal and secondary
diagnoses, patient demographics, hospital characteristics, and hospital charges. All data is
de-identified and publicly available, thus the study was exempt from review by Institutional
Review Board.
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Disease selection

Admissions for dermatologic diseases were extracted using codes from the International
Classification of Diseases, Ninth Revision (ICD-9) and diagnosis-related-groups (DRG). We
first extracted all admissions from 2010-2014 with dermatology-specific DRGs 595, 596,
602, 603, 606, and 607 (major skin disorders, minor skin disorders, and cellulitis). We then
compiled a list of all ICD-9 codes that were used in the principal diagnosis of these
admissions. We also added ICD-9 codes for mycosis fungoides, Sézary syndrome, graft-
versus-host disease, vasculitis with cutaneous involvement, systemic lupus erythematosus,
systemic sclerosis, dermatomyositis, and eosinophilia myalgia syndrome; these were not
under dermatology DRGs but were included in this study due to the importance of
dermatologists in the management and comanagement of these diseases, including in
specialty clinics and targeted fellowships such as cutaneous oncology and dermatology-
rheumatology. The final set of dermatology-related hospitalizations was taken as any
discharge with one of these ICD-9 codes as the principal diagnosis. ICD-9 codes for
specifying different locations of the same disease were combined (i.e. “cellulitis” includes
codes for head, trunk, and extremities).

Outcomes of interest

The primary outcomes were readmission rates, frequencies, and costs for each disease.
Readmission rate is defined as the percentage of admissions with a repeat hospitalization
within 30 days of discharge for short term evaluation or within the calendar year (CY) for
long term evaluation. Only the first readmission is counted toward readmission frequencies.
Only admissions prior to December were used in the calculation of 30 day readmission rates.
Readmission numbers were calculated for both all cause (any diagnosis) and same cause
(principal diagnosis of readmission is the same as that of the original hospitalization).

Statistical analysis

RESULTS

Data processing and statistical analysis were performed using MATLAB (version 76
R2017a, MathWorks, Natick, MA). Association of patient or hospital characteristics with
readmission were evaluated using bivariate logistic regression with unadjusted odds ratios.
The ten most common comorbidities were also evaluated for association with readmission.
Costs were calculated from hospital charges using the cost-to-charge ratio files provided in
the NRD and adjusted for inflation to year 2014 using the Consumer Price Index from the
US Bureau of Labor Statistics.1 Readmission frequencies, rates, and costs were plotted
against year to examine trends over time. Simple linear regression against time was used to
determine P-values and significance of trends.

For all dermatologic diagnoses examined from 2010-2014, there were: 3,602,599
hospitalizations, 337,714 (9.8%) all cause readmissions within 30 days, 115,164 (3.3%)
same cause readmissions within 30 days, and 282,320 (7.8%) same cause readmissions
within CY. The inflation-adjusted cost of all dermatology-related hospitalizations 2010—
2014 was $27.8 billion, and the cost of all CY same cause readmissions was $2.54 billion.
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The mean costs of each hospitalization and readmission were $7,841 (standard deviation
[SD] $12,941) and $8,995 (SD $12,901), respectively.

The breakdown of patient demographics, hospital characteristics, and most common
comorbidities are shown in Table 1. Unadjusted bivariate logistic regression showed highest
30 day all-cause readmission rates associated with increased age, female sex, Medicare
insurance, large teaching hospitals in populous metropolitan areas, and congestive heart
failure as a comorbidity. The highest same-cause readmission rates (both 30 day and CY)
were associated with middle-age (18-64 years), female sex, Medicaid insurance, large
teaching hospitals in populous metropolitan areas, and morbid obesity.

Table 2 shows readmission rates each year for the 10 most common dermatologic causes for
hospitalization. Cellulitis was the most common diagnosis, comprising 83.6% of all
admissions for dermatologic conditions. Table 3 lists the diseases with highest readmission
rates and highest total CY same cause readmission costs, excluding those with less than 100
total hospitalizations from 2010-2014. Mycosis fungoides, Sezary syndrome, and graft-
versus-host disease had the highest 30 day all cause readmission rates (32%, 29%, and 28%
respectively). Vascular hamartomas, dermatomyaositis, and thrombotic microangiopathy had
the highest 30 day same cause readmission rates (21%, 18%, and 14% respectively).
Dermatomyositis, systemic lupus erythematosus, and vascular hamartomas had the highest
CY same cause readmission rates (31%, 24%, and 23% respectively). Cellulitis and systemic
lupus erythematosus had the highest CY same cause readmission costs—$1.94 billion and
$221 million, respectively, over years 2010-2014.

The trends in readmissions for all diseases from year to year are shown in Figure 1.
Readmission frequencies for all three measures exhibited a general decrease over time
(range of 3—-7% decreases from 2010 to 2014), but the rates of readmission stayed stable
(range of 0-0.2% increases from 2010 to 2014). Trends in total and mean CY readmission
costs for the five most costly diseases are also shown in Figure 1. All-disease total costs
showed a decreasing trend (7% decrease from 2010 to 2014). Systemic lupus erythematosus
was the only disease to show a decreasing trend in total cost (29% decrease from 2010 to
2014). The total cost of hidradenitis showed an increasing trend (39% increase from 2010 to
2014). There were no clear trends in total costs of cellulitis, thrombotic microangiopathy, or
mycosis fungoides. Mean cost per CY readmission for all diseases decreased 5% from 2010
to 2011 but remained stable from 2011-2014 (< 1.2% variation). Mean costs of single
diseases fluctuated from year to year with no clear trend.

DISCUSSION

Of 721,000 mean hospitalizations per year for dermatologic diagnoses from 2010-2014,
9.8% were readmitted within 30 days for any cause and 3.3% for the same diagnosis as the
initial admission. 7.8% were readmitted for the same diagnosis within the CY, costing $508
million per year.

There are very few prior studies of readmissions for skin disease. A recent study by Arnold
et al. examined readmissions in the context of all-cause readmissions within 30 days in
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2014.11 Their finding of cutaneous lymphoma having the highest 30 day all-cause
readmission rate is consistent with ours. We also found that graft-versus-host disease, which
was not examined by Arnold et al., had the next highest 30-day all-cause readmissions rate
after cutaneous lymphoma. To our knowledge, dermatologic readmissions for the same
cause and over a longer term and disease-specific readmission costs have not been
previously studied. The disease profile for highest same-cause readmission rates was
different, with connective tissue diseases, vasculitides/vasculopathies, hidradenitis, and
pemphigus having higher readmission rates than mycosis fungoides. Demographics
associated with same-cause and all-cause readmissions were also different.

All-cause readmissions were associated with increased age and Medicare insurance, which
may reflect increased comorbidities and fragility and potential loss of social support in
elderly patients. On the other hand, readmission for the same skin disease was associated
with middle age (18-64 years), which may suggest increased prevalence of chronic and
autoimmune skin diseases in this age group. Same-cause readmission was also associated
with Medicaid insurance. This may be due to barriers to outpatient access and post-
hospitalization follow up. Studies have found only 1.4% of Medicaid enrollees see a
dermatologist annually vs. 5.5% of patients with private insurance.12 Medicaid patients were
also shown to have lower acceptance rate (30% vs. 91% for privately insured) and longer
wait time (66 days vs. 31 days for privately insured) to a dermatologist.13 The single
characteristic associated with highest same-cause readmission rate was morbid obesity. This
may relate to the incidence of cellulitis in this dataset, for which obesity is a known risk
factor as well as coexisting secondary lymphedema, venous insufficiency, and delayed
healing.14-16 The high rates of misdiagnosis of cellulitis may also contribute; studies have
found 31% of cellulitis diagnoses are misdiagnosed and 74% of dermatology consultations
for cellulitis were actually pseudocellulitis.”-1” Pseudocellulitis—mimickers of cellulitis,
such as stasis dermatitis and lymphedema—is often associated with obesity and does not
require admission but will persist and result in unnecessary readmissions if treated
incorrectly as cellulitis.18 Higher all-cause and same-cause readmission rates for females
may be attributed to the high readmission frequencies of systemic lupus erythematosus and
dermatomyositis, which are more common in females.1920 Increased rate of all readmission
types at large metropolitan teaching hospitals is likely due to increased complexity of
patients at these hospitals.

Mycosis fungoides, SLE, and dermatomyositis had high short and long term same-cause and
all-cause readmission rates. Vascular hamartomas had the highest 30 day same cause
readmission rate. The corresponding ICD-9 code (757.32) is a subcategory of congenital
skin anomalies. Prior studies have shown this code used for port wine stains and
hemangiomas in the pediatric inpatient setting,2! as well as cutis marmorata telangiectatica
congenita.22 A recent study showed delayed presentation to specialists for infantile
hemangiomas in patients with Medicaid or assisted insurance programs, which again
highlights the need to address barriers to access.23 Along with many other diseases with high
readmission rates in Table 3, these conditions with frequent readmissions should lower the
threshold for obtaining dermatology consultation, which has been shown to decrease
readmission® and alter diagnosis and management, for example changing diagnosis in 45%
of cases and stopping unnecessary antibiotics.36:7 Knowledge of the high readmission rates

JAm Acad Dermatol. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al.

Page 6

for these diseases can also inform efforts to keep these patients out of the hospital. Many of
the skin diseases with the highest rates of CY readmissions—such as morphea, hidradenitis
suppurativa, pityriasis rubra pilaris, pemphigus, pyoderma gangrenosum, and psoriasis—are
generally managed in the outpatient setting, again highlighting the importance of addressing
barriers to access. Urgent care dermatology clinics have been shown to circumvent referral
to the emergency department and result in decreased visit times and healthcare and patient
costs compared to emergency department visits.24-26 Providing same day appointments for
patients with flares in cutaneous lymphoma or connective tissue disease, dermatology
involvement in multidisciplinary clinics, or utilizing teledermatology to improve access to
medically underserved populations?” may reduce readmissions and costs.

While total readmissions showed a general decreasing trend from 2010-2014, the rates of
readmission have remained constant. This implies that total admissions are decreasing but
not readmission rates, suggesting potential improvements in outpatient management of skin
diseases but room for improvement in inpatient care. The cost of readmissions for cellulitis
alone was $389 million per year and shows no sign of decreasing. While some diseases such
as systemic lupus erythematosus show a decreasing trend in yearly costs, those of other
diseases like hidradenitis show increases. These high costs highlight the importance of
investment in inpatient dermatology services and coordination between inpatient and
outpatient dermatology care in an effort to reduce readmissions and save health care dollars.

Limitations of this study include the use of ICD-9 codes to identify diseases, potentially
entered by non-dermatologists. However, this is a descriptive study of many diseases as a
whole and is not intended to present or test hypotheses for individual skin diseases.
Furthermore, ICD 9 codes are examined only in the context of principal discharge diagnoses,
which are generally entered with greater attention than secondary diagnoses. Given analysis
of only principal diagnoses, the readmission rates for skin disease may be underestimated
due to the omission of events where the skin disease was coded as a secondary diagnosis.
Sampling error is another limitation that comes with using the NRD. While the NRD
provides weights to estimate national frequencies, it is collected from about half of all
hospitalizations and states and may not be nationally representative, particularly for rare
diseases. In addition, the use of calendar year readmissions underestimates the total number
of year-long readmissions, since patients are re-identified after January 15t of every year.
Thus a patient with an index hospitalization in September would only include 4 months of
tracking compared to 12 months for a patient admitted in January. We used an unadjusted
bivariate model to evaluate associations of patient and hospital characteristics with
readmission. We did not use a multivariable model due to the broad nature of this study and
large number of diseases being examined. Thus, conclusions cannot be made about
causation or independent predictors of readmission. Targeted research on individual diseases
is needed to examine predictors of readmission more closely.

CONCLUSION

We describe skin conditions requiring hospitalization accounting for a large number of both
short and long term readmissions and associated healthcare costs. Diseases, characteristics,
and comorbidities associated with high readmission rates should trigger hospitals to consider
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dermatology consultation, coordinate outpatient follow-up, and support underinsured
outpatient access. These measures have been shown to reduce readmissions or hospital visits
in general dermatologic settings, but outcomes in individual diseases are not well-studied.
This characterization of readmissions should guide future studies on disease specific risk
factors and mitigation strategies to reduce readmissions.
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Figure 1.
Readmission frequencies, rates, and costs over time from 2010 through 2014. (A) Yearly

readmission frequencies from 2010-2014. (B) Readmission rates from 2010-2014. (C) Total
cost of calendar year same cause readmissions from 2010-2014, plotted on log-linear scale.
(D) Mean cost per calendar year same cause readmission from 2010-2014.

Abbreviations. CY, calendar year; SLE, systemic lupus erythematosus; TMA, thrombotic
microangiopathy
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