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Abstract

Objectives.—To demonstrate the usefulness of National Hospital Care Survey (NHCS) for
studying rare diseases.

Methods.—NHCS contains data on millions of hospital patients from participating US hospitals,
including diagnoses coded using 10th revision of International Classification of Diseases, Clinical
Modification (ICD-10-CM), making it likely that some of the patients have a diagnosed rare
disease. The data for 2016 are unweighted and are not nationally representative. The Orphanet
Nomenclature Pack (ONP) lists 877 ICD-10 codes that correspond to 536 rare diseases. Using
ONP, we identified NHCS patients with diagnosed rare diseases. We demonstrate the usefulness
of NHCS for studying rare diseases by reporting, for each rare disease, the number of patients

in NHCS with the disease, the average number of hospital encounters per patient, the average
length of hospital stay, and the percent of patients who died either in-hospital or within 90 days
post-discharge.

Results.—In just one year of NHCS, we identified hundreds of rare diseases with 30 or more
patients each (313 rare diseases in the inpatient [IP] setting and 273 in the emergency department
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[ED] setting). Although ICD-10-CM codes identify a small percentage of known rare diseases,
12.9% of IP patients and 3.4% of ED patients had a diagnosed rare disease.

Conclusions.—NHCS is a rich source of administrative and EHR data on hospital patients
with rare diseases, providing unique variables and observations on many patients. Although the
percentage of patients with each rare disease is low, a large percentage of hospital patients has a
rare disease.

Précis.
NHCS has administrative and EHR data on hospital patients, providing records and unique
variables on many patients with each one of hundreds of rare diseases.

Introduction.

Worldwide, over a hundred different definitions of the term “rare disease” are used.:
According to Orphanet, “rare diseases are diseases which affect a small number of people
compared to the general population and specific issues are raised in relation to their rarity.”2
Although each disease is rare, because the number of diseases is large, a large number of
people could have a rare disease. While estimates vary, according to one estimate, 6.2% of
the general population has one of 798 rare diseases.3

Data systems consisting of information from electronic health records (EHRS) are useful

for clinical research on patients with rare diseases.* However, as many public health data
systems have a limited number of observations, they have few if any observations on patients
with each rare disease. This makes it difficult to study administrative or EHR data on
patients in the health care setting with a specific diagnosed rare disease.

The National Hospital Care Survey (NHCS) collects administrative claims and EHR data
from sampled US hospitals. These data include diagnoses coded using the 10th revision

of the International Classification of Diseases, Clinical Modification (ICD-10-CM) codes,
which is the US modification of ICD-10. Because NHCS has data on millions of patients, it
is likely that some of the patients have a diagnosed rare disease, such as sickle cell anemia,
multiple myeloma, primitive portal vein thrombosis, extrapelvic endometriosis, idiopathic
intracranial hypertension, Down syndrome, or lyme disease. However, NHCS has not been
previously used in the literature as a source of data on rare diseases.>®

In the US, the Genetic and Rare Diseases Information Center, which is maintained by the
Office of Rare Diseases Research in the National Institutes of Health, refers to Orphanet as
the resource for ICD coding of rare diseases.” The Orphanet Nomenclature Pack (ONP) is

a list of all rare diseases known to Orphanet, along with their corresponding ICD-10 codes.
While codes in ICD-10-CM typically have the same meaning in ICD-10, that is not always
the case. We reviewed the ICD-10-CM codes corresponding to the ICD-10 codes from ONP,
selected only the ones with the same or narrower meaning, and thus identified patients with
diagnosed rare diseases in NHCS data.
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We examine how many observations of patients with diagnosed rare diseases are available
in NHCS for the year 2016 and illustrate the usefulness of NHCS for studying patients with
each of these diseases in the hospital setting.

NHCS collects inpatient (IP) and emergency department (ED) data from sampled US
hospitals in the form of either Uniform Billing (UB)-04 administrative claims or EHR data.
These data include information captured during hospital encounters, such as diagnoses and
discharge status. During data collection, diagnoses were provided by hospitals using either
ICD-10-CM codes or SNOMED Clinical Terms. The SNOMED terms have been converted
to ICD-10-CM codes in NHCS. Data that come from administrative claims have up to 25
diagnosis codes per encounter, while data that come from EHRs can have any number of
diagnosis codes per encounter. The 2016 NHCS data are unweighted and are not nationally
representative. Details about NHCS methodology are published elsewhere.8 NHCS can
identify multiple encounters associated with each patient within and across participating
hospitals. NHCS for the year 2016 contains observations on 2.0 million IP patients and 4.5
million ED patients from 141 hospitals. Patients who were transferred from ED to IP are
counted in each setting.

The 2016 NHCS has been linked with the 2016-2017 National Death Index (NDI)

through the National Center for Health Statistics (NCHS) Data Linkage Program.® NDI

is a centralized database of death record information compiled from state vital statistics
offices and includes data on all deaths occurring within the United States. Thus, the NHCS
discharge status along with the linked NDI data allow the identification of patients who
have either died at the hospital or within 90 days after their latest 2016 discharge.10 NHCS
and NDI are available to researchers through the NCHS Research Data Center.1! Data
collection for both NHCS and NDI was approved by the NCHS Research Ethics Review
Board. Analysis of de-identified NHCS and NDI data is exempt from federal regulations for
the protection of human research participants.1?

ONP, July 2020 version, lists 7,138 disorders or disorder subtypes that are “active” rare
diseases according to European statistics, along with their four-character ICD-10 codes if
they are available.13 For this analysis, we only considered ICD-10 codes whose relationships
to the rare diseases have been validated; where the term of the Orphanet nomenclature had

a specific code in ICD-10; and where the ICD-10 code was either exactly equivalent to the
rare disease or described a narrower clinical entity than the rare disease. In this way, the
ICD-10 codes that we considered always correspond to rare diseases. ONP contains 877
four-character ICD-10 codes that identify 561 rare diseases. Some of these rare diseases are
grouped together because they are identified by the same ICD-10 codes. Therefore, there are
536 groups of rare diseases identifiable by ICD-10 codes — for simplicity, we refer to these
groups as rare diseases in this paper.

Within NHCS, we only considered ICD-10-CM codes if they refer to the same or narrower
clinical entities as the corresponding ICD-10 codes from ONP. Thus, the ICD-10-CM codes
that we considered always correspond to a rare disease as well. In the 2016 NHCS, we
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found 1,496 ICD-10-CM codes that refer to the same or narrower clinical entities as the
four-character ICD-10 codes from ONP. There may be more ICD-10-CM codes that refer

to rare diseases, but they were not found in the 2016 NHCS. Some ICD-10-CM codes

were excluded because they refer to a different clinical entity than the corresponding four-
character ICD-10 code. For example, consider acute opioid poisoning, which in ONP is
identified using ICD-10 codes T40.0, T40.1, and T40.2. In ICD-10-CM, T40.0X6, a subcode
of T40.0, refers to underdosing of opium, which is not a type of acute opioid poisoning. We
therefore excluded this ICD-10-CM code from our analysis.

For each rare disease with 30 or more patients in the data, we present certain descriptive
statistics. As the objective of this paper is to demonstrate the usefulness of NHCS for
studying rare diseases, the threshold of 30 was selected because researchers might choose

to avoid statistical calculations involving too few patients. The specific descriptive statistics
that we present are: a) the number and percentage of patients in NHCS for whom this

rare disease was one of their diagnoses; b) the average number of hospital encounters per
patient; c) the average length of stay (ALOS) for these patients, measured in days; and d) the
percentage of patients with the rare disease who died either at the hospital or within 90 days
after hospital discharge. ALOS is only available in the IP and not the ED setting. We report
ALOQOS at the patient level — encounter-level ALOS is equal to our reported ALOS divided by
the average number of encounters per patient. Note that the diagnosed rare disease might not
have been the reason for the patient’s hospitalization or for their death.

Results.

In the IP setting, there were 313 rare diseases with 30 or more patients each, such as
interatrial communication, acute opioid poisoning, and cardiogenic shock (Table Al). In
addition, there were 190 rare diseases with anywhere between 1 and 29 patients, such as
farmer’s lung disease, Q fever, and didelphys uterus. Using ICD-10-CM codes, 252,394
patients (12.9% of all IP patients) were identified as having a diagnosed rare disease.
Interatrial communication was the rare disease with the most patients (N = 18,235; 0.93%
of all IP patients); patients with hepatoblastoma had the highest average number of IP
encounters per patient during 2016 (4.3); patients with bronchopulmonary dysplasia had
the longest ALOS (45.1 days); patients with cardiogenic shock had the highest mortality
in-hospital or within 90 days post-discharge (58.6%).

In the ED setting, there were 273 rare diseases with 30 or more patients each, such as
acute opioid poisoning, systemic lupus erythematosus, and sickle cell anemia (Table A2).
In addition, there were 218 rare diseases with anywhere between 1 and 29 patients, such
as Asherman syndrome, anaplastic large cell lymphoma, and mucopolysaccharidosis type
2. Using ICD-10-CM codes, 156,178 patients (3.4% of all ED patients) were identified
as having a diagnosed rare disease. Acute opioid poisoning was the rare disease with the
most patients (N = 14,365; 0.32% of all ED patients); patients with sickle cell anemia had
the highest average number of ED encounters per patient during 2016 (3.0); patients with
cardiogenic shock had the highest mortality in-hospital or within 90 days post-discharge
(49.2%).
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Discussion.

NHCS presents a unique opportunity for researchers to examine the medical records of
large numbers of patients with specific rare diseases from hundreds of US hospitals. As one
example, consider nocardiosis. Just one year of NHCS has records on 135 IP patients and
48 ED patients with nocardiosis. In comparison, one recent study used the medical records
of 60 patients with the disease, which were all the patients that the study could find who
were hospitalized over a 12-year period at an Israeli hospital.1* Another recent study used
the medical records of 67 patients with nocardiosis, which were all the patients that the
study could find who had the disease sometime within a 7-year period at an Australian
hospital.1> NHCS has data on appreciably more patients with nocardiosis in just one year
due to collecting data from hundreds of hospitals. Since several years of NHCS data are
available,1! by combining years of data, even more patient records for each rare disease
could be identified.

Not only does NHCS provide records on a lot of patients with each rare disease, it also
contains features that may not be present in other data systems. For each patient, NHCS
tracks encounters within and across participating hospitals. Thus, a unique feature of NHCS
data is that it’s available at both the encounter level and the patient level. The distinction is
especially important for the diseases the patients with which tend to have multiple hospital
encounters every year. For example, in 2016, the patients with hepatoblastoma had 4.3 IP
encounters per patient. The patient-level ALOS of 26.1 days, as reported in this paper, is
more reflective of the full disease burden than the encounter-level ALOS of 6.1 days (=
26.1/4.3).

NHCS is also capable of providing more thorough information about patient mortality.
Hospital records only indicate whether a patient has died at the hospital. However,
depending on the disease, an important percentage of patients might die relatively soon

after hospital discharge. This would not be reflected in hospital records or in studies based
on those records. By contrast, because NHCS has been linked with NDI, NHCS has data
not just on in-hospital mortality, but also on post-discharge mortality. In this paper, as an
illustration, we presented mortality as whether a patient died either in-hospital or within 90
days post-discharge. Other time horizons can be used as well. Previous NHCS studies have
used the following time horizons for mortality: in-hospital, 1-30 days post-discharge, 31-60
days post-discharge, 61-90 days post-discharge, '8 and even within 1 year post-dischargel.

As seen from NHCS’s data dictionary,1! in addition to the variables discussed in this paper,
NHCS has many other variables that researchers can analyze. These include variables about
the hospital, procedure codes, revenue codes, and so on. While NHCS does have a number
of variables that researchers can analyze, including unique variables, depending on the
specific investigation, actual patient charts do provide greater patient details. Returning to
the nocardiosis example, patient charts used in one of the studies had information on the
exact species of the bacteria that caused the disease,1> whereas NHCS does not have such
information.

Other limitations of NHCS and this study include:
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. Hospital care received before or after 2016 is not examined in this paper.
. The 2016 data are not nationally representative.
. It’s possible that for some rare diseases, the ICD codes identify a narrower

clinical entity than the rare disease itself, which means that some of the patients
with that rare disease were not identified.

. Most rare diseases cannot be identified using ICD codes.

. Among IP patients with rare diseases, 32.8% of encounters had missing length
of stay information. Mortality information was missing for 34.6% of rare disease
patients. The mortality figures presented in this paper are based on patients with
known mortality status.

Conclusions.

For each one of hundreds of rare diseases, NHCS has observations on many hospital patients
with that disease. In addition to having many observations, NHCS has unique variables that
may not be available in other data systems.

In NHCS, the patients with rare diseases are identified using ICD-10-CM codes. It is well-
known that ICD-10 codes identify only a small number of rare diseases!8 — they identify less
than 8% of the rare diseases in the current version of ONP. Even though we are only able to
identify a relatively small proportion of all rare diseases, we can see that a large percentage
of hospital patients has a diagnosed rare disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Each year of the National Hospital Care Survey (NHCS) has administrative
and electronic health record (EHR) data on millions of hospital patients.
These data include ICD-10-CM diagnosis codes, which can identify patients
with certain rare diseases.

Each year of NHCS has data on hundreds of rare diseases, such as sickle
cell anemia, multiple myeloma, primitive portal vein thrombosis, extrapelvic
endometriosis, idiopathic intracranial hypertension, Down syndrome, and
lyme disease. Patient-level variables include number of hospital encounters,
length of stay, whether the patient died in-hospital or within a certain time
post-discharge.

Although the percentage of hospital patients with each rare disease is small, a
large percentage of hospital patients has a diagnosed rare disease.
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