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Abstract

Objective: Emergency departments (EDs) are critical settings for hepatitis C care in the United States. We assessed trends
and characteristics of hepatitis C—associated ED visits during 2006-2014.

Methods: We used data from the 2006-2014 Nationwide Emergency Department Sample to estimate numbers, rates, and
costs of hepatitis C—associated ED visits, defined by either first-listed diagnosis of hepatitis C or all-listed diagnosis of hepatitis
C. We assessed trends by demographic characteristics, liver disease severity, and patients’ disposition by using joinpoint
analysis, and we calculated the average annual percentage change (AAPC) from 2006 to 2014.

Results: During 2006-2014, the rate per 100000 visits of first-listed and all-listed hepatitis C—associated ED visits increased
significantly from 10.1 to 25.4 (AAPC = 13.0%; P < .001) and from 484.4 to 631.6 (AAPC = 3.4%; P < .001), respectively.
Approximately 70% of these visits were made by persons born during 1945-1965 (baby boomers); 30% of visits were made by
Medicare beneficiaries and 40% by Medicaid beneficiaries. Significant rate increases were among visits by baby boomers (first-
listed: AAPC = 13.8%; all-listed: AAPC = 2.6%), persons born after 1965 (first-listed: AAPC = 14.3%; all-listed: AAPC = 9.2%),
Medicare beneficiaries (first-listed: AAPC = 18.0%; all-listed: AAPC = 3.9%), and persons hospitalized after ED visits (first-
listed: AAPC = 20.0%; all-listed: AAPC = 2.3%; all P < .001). Increasing proportions of compensated cirrhosis were among
visits by baby boomers (first-listed: AAPC = 11.5%; all-listed: AAPC = 6.3%). Annual hepatitis C—associated total ED costs

increased by 400.0% (first-listed) and 192.0% (all-listed) during 2006-2014.

Conclusion: Public health efforts are needed to address the growing burden of hepatitis C care in the ED.
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Hepatitis C virus (HCV) infection is a major public health
problem in the United States that affects approximately 2.4
million persons.'* HCV infection is the major cause of liver
cirrhosis, hepatocellular carcinoma, and liver transplanta-
tion, all of which are associated with increased mortality and
health care burden in the United States.””’

The emergency department (ED) is an important setting
for hepatitis C care in the United States. EDs not only serve
severely ill patients from a broad spectrum of society but also
provide health care access to vulnerable and difficult-to-
reach populations. For example, Medicaid beneficiaries,
racial/ethnic minority groups, and uninsured/underinsured
persons are known to be disproportionately affected by HCV
infection.® Baby boomers (those born during 1945-1965) and
persons who inject drugs, the 2 major at-risk subgroups for
HCV infection, also tend to use EDs more than the general
population.”'® Several studies of local ED-based HCV

screenings showed HCV antibody prevalence ranging from
6% to 18%,”'*'® which is higher than national estimates for
baby boomers (3%-4%)'” and the general population (1%)."*
Among study participants with RNA test results after a reac-
tive antibody test, estimates of current HCV infection were
as high as 70%.%'%!?
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Compared with studies of local ED use, studies of
national ED use for hepatitis C care are limited. One study
estimated the rate of hepatitis C—associated ED visits at 80.0
per 100000 visits annually during 2001-2010.” The study
found no changes in the percentage of ED visits for hepatitis
C in the overall US population or among baby boomers.’
HCV epidemiology has evolved quickly in recent years.'®
Since 2012, both the Centers for Disease Control and Pre-
vention (CDC) and the US Preventive Services Task Force
have recommended one-time hepatitis C testing for all baby
boomers.'”'? The availability of highly effective direct-
acting antiviral agents since 2013 has substantially trans-
formed hepatitis C care,?® which may have prompted more
patients to seek treatment in EDs and other settings. Under-
standing more recent hepatitis C—associated ED use is
essential for developing effective guidelines and programs for
ED-based hepatitis C care, including screening and linkage-to-
care services. The objective of this study was to assess trends
in numbers, rates, and costs of hepatitis C—associated ED
visits overall and in subgroups defined by demographic char-
acteristics, liver disease severity, and patients’ dispositions (ie,
the discharge destination of patients after ED care) in the
United States during 2006-2014.

Methods

Data Sources

We used data from the 2006-2014 releases of the Nationwide
Emergency Department Sample (NEDS), Healthcare Cost
and Utilization Project (HCUP), Agency for Healthcare
Research and Quality.?! NEDS is the largest publicly avail-
able all-payer ED database in the United States. It contains
approximately 31 million records each year from more than
950 hospitals with data on diagnoses and procedures, dis-
charge status from the ED, patient demographic characteris-
tics, payment source, and total ED charges. It is a nationally
representative, 20% stratified sample of visits to EDs of
noninstitutional, general, short-stay, nonfederal hospitals,
selected according to geographic region, location, teaching
status, ownership, and trauma-level designation. Because
this secondary analysis used de-identified NEDS data, insti-
tutional review board approval was not required.

Study Variables

NEDS contains up to 30 diagnosis codes per ED visit. In
general, the first-listed diagnosis is the primary reason for
a visit; however, all-listed diagnoses may need to be consid-
ered when the first-listed diagnosis is symptom-based.?* In
this study, we estimated hepatitis C—associated ED visits
with both a first-listed diagnosis of hepatitis C (International
Classification of Diseases, Ninth Revision, Clinical Modifi-
cation [ICD-9-CM] codes* 070.41 [acute hepatitis C with
hepatic coma], 070.44 [chronic hepatitis C with hepatic
coma], 070.51 [acute hepatitis C without hepatic coma],

070.54 [chronic hepatitis C without hepatic coma], 070.70
[unspecified hepatitis C with hepatic coma], 070.71 [unspe-
cified hepatitis C without hepatic coma], or V02.62 [hepatitis
C carrier]) (narrow definition) and all-listed diagnoses of
hepatitis C, using the same codes, listed anywhere in the
record (broad definition).

We grouped patient ages at ED admission as <34, 35-44,
45-54,55-64,and >65 years. We classified birth cohort as baby
boomers (born during 1945-1965), younger cohort (born after
1965), and older cohort (born before 1945). We classified place
of residence as an urban area or a rural area; primary payer as
Medicare, Medicaid, private insurance, uninsured, and other
payers (including workers’ compensation, Civilian Health and
Medical Program of the Uniformed Services [CHAMPUS],
Civilian Health and Medical Program of the Department of
Veterans Affairs [CHAMPVA], Title V, and other government
programs). We grouped the median annual household income
of the patient’s ZIP code as 4 national quartiles (0-25, 26-50,
51-75, 76-100 percentile), indicating the poorest to wealthiest
populations. In 2014, the lowest income quartile ranged from
$1 to $39999 and the highest income quartile was >$66 000.%*
We divided disposition of the patient from ED visits into the
following categories: routine discharge, admitted to hospital
(transferred to short-term hospital or admitted as inpatient to
the same hospital), transferred to other facilities (nursing facil-
ity, intermediate care, home health care, and other types of
facilities), discharged against medical advice, and other dis-
charges (including died in ED, discharged/transferred to
court/law enforcement, not admitted, or destination unknown).
We summarized total charges for each ED visit service annu-
ally and reported in 2014 dollars using the Consumer Price
Index adjustment for Medical Care.?

We classified liver disease severity (end-stage liver dis-
ease, compensated cirrhosis, and non-cirrhotic liver disease)
by ICD-9-CM diagnosis codes, procedure codes, or Current
Procedural Terminology codes.”**® End-stage liver disease
includes liver failure with hepatic encephalopathy (572.2),
portal hypertension/portal decompression procedures (572.3,
37140, 37160, 37180, 37181, 37182, 37183), hepatorenal
syndrome (572.4), esophageal varices complication with or
without bleeding (456.0, 456.20, 456.21,42.91,44.91, 96.06,
43204, 43205, 43243, 43244, 43400, 43401), ascites/para-
centesis procedures (789.5, 789.59, 54.91, 49080, 49081),
splenomegaly (789.2), hypersplenism (289.4), jaundice
(782.4), encephalopathy (348.3x), hepatocellular carcinoma
(155.0, 155.1, 155.2, 070.0, 070.2x, 070.4x, 070.6, 070.71),
and liver transplantation (996.82, V42.7, 50.5, 50.51, 50.59,
47135, 47136). Compensated cirrhosis includes alcoholic
cirrhosis of liver without ascites (571.2) and cirrhosis of liver
without mention of alcohol (571.5). All other conditions
were listed as non-cirrhotic liver disease.

Statistical Analysis

We tabulated descriptive statistics using the NEDS survey
sampling design and weight variables to calculate nationally
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representative estimates and corresponding 95% confidence
intervals (Cls). We calculated and analyzed the 9-year trends
in numbers, rates per 100000 visits, and average costs of
hepatitis C—associated ED visits for each year from 2006
through 2014. We assessed hepatitis C—associated ED visits
by demographic characteristics (age, sex, birth cohort, place
of residence, payer, and median household income quartiles),
liver disease severity (non-cirrhotic liver disease, compen-
sated cirrhosis, and end-stage liver disease), disposition from
ED, and costs. We assessed differences in proportions from
2006 to 2014 using the z score test. We analyzed trends in
numbers, rates, and costs of hepatitis C—associated ED visits
by using the joinpoint regression program (National Cancer
Institute). Because baby boomers account for most hepatitis
C—associated ED visits, we also investigated trends in liver
disease severity among visits by these patients. We described
the resulting trends by annual average percentage change
(AAPC) by applying the least-squares linear regression
methods. We considered P < .05 to be significant. We con-
ducted all analyses for both first-listed hepatitis C—associated
ED visits and all-listed hepatitis C—associated ED visits
using SAS version 9.4.%°

Results

In the United States, the annual number of first-listed hepatitis
C—associated ED visits nearly tripled, from 12090 visits in
2006 to 34975 visits in 2014, and the number of all-listed
hepatitis C—associated ED visits increased 50.0%, from
581350 visits in 2006 to 870 385 visits in 2014 (Table 1). The
distribution of hepatitis C—associated ED visits changed sig-
nificantly from 2006 to 2014 for most characteristics exam-
ined. Most persons with a first-listed diagnosis of hepatitis C
or all-listed diagnosis of hepatitis C were aged 45-54 in 2006
but aged 55-64 in 2014. The percentage of persons with Med-
icare as the primary payer increased for first-listed (23.5% in
2006 to 35.6% in 2014; P <.001) and all-listed (27.3% in 2006
to 31.6% in 2014; P < .001) hepatitis C—associated ED visits.
Similarly, the percentage of persons with Medicaid as the
primary payer increased for first-listed (32.6% in 2006 to
37.1% in 2014; P = .01) and all-listed (33.0% in 2006 to
41.4% in 2014; P < .001) hepatitis C—associated ED visits.
Baby boomers accounted for most first-listed hepatitis C—
associated ED visits in both years: approximately 70.7% in
2006 and 71.6% in 2014. For all-listed hepatitis C—associated
ED visits, the percentage of baby boomers decreased from
71.6% in 2006 to 63.9% in 2014 (P < .001), and the percent-
age of the younger cohort increased from 18.7% in 2006 to
30.5% in 2014 (P < .001). The percentage of persons who
had liver disease with compensated cirrhosis increased sig-
nificantly for first-listed (17.2% in 2006 to 40.7% in 2014; P
<.001) and all-listed (10.0% in 2006 to 14.8% in 2014; P <
.001) hepatitis C—associated ED visits. The percentage of
hospital admissions after ED visits increased from 59.1%
in 2006 to 81.1% in 2014 (P < .001) for first-listed hepatitis
C-associated ED visits. In 2006 and 2014, most hepatitis C—

associated ED visits were made by male patients, by patients
who resided in urban area, and by patients who lived in ZIP
codes with median annual household incomes in the 2 lowest
quartiles in the nation. Changes in demographic distribution,
such as by age and birth cohort, of all-cause ED visits were
smaller than demographic changes of hepatitis C—associated
ED visits (Supplementary Table available at https://figshare.
com/articles/Supplemental_Table_Distributions_of_all-
cause_emergency_department_ED_visits_by_characteris
tics_in_the United_States_2006_and_2014/9 585 839).

Trends in rates and numbers of first-listed and all-listed
hepatitis C—associated ED visits were assessed overall and
by birth cohort (Figure 1). Overall, the rate per 100 000 visits
of first-listed hepatitis C—associated ED visits more than
doubled, from 10.1 (95% CI, 9.1-11.1) in 2006 to 25.4
(95% CI, 23.2-27.5) in 2014 (AAPC = 13.0%; P < .001)
(Figure 1). By birth cohort, increases in the rate of first-
listed hepatitis C—associated ED visits were 170.0% among
baby boomers (AAPC = 13.8; P <.001), 164.7% among the
younger cohort (AAPC = 14.3; P <.001), and 98.1% among
the older cohort (AAPC = 9.1; P <.001) (Table 2). The rate
per 100000 visits of all-listed hepatitis C—associated ED
visits increased 30.4%, from 484.4 (95% CI, 449.9-518.8)
in 2016 to 631.6 (95% CI, 584.6-678.6) in 2014 (AAPC =
3.4%; P <.001). By birth cohort, increases in the rate of first-
listed hepatitis C—associated ED visits were 23.3% among
baby boomers (AAPC = 2.6; P <.001) and 90.9% among the
younger cohort (AAPC = 9.2; P < .001) (Table 3). The
number of ED visits for both first-listed hepatitis C—associ-
ated ED visits and all-listed hepatitis C—associated ED visits
also increased significantly from 2006 to 2014. During these
years, baby boomers remained as the majority (approxi-
mately 70%) of both first-listed hepatitis C—associated ED
visits and all-listed hepatitis C—associated ED visits.

Trends in hepatitis C—associated ED visits were signifi-
cant among other subgroups for both first-listed hepatitis C—
associated ED visits and all-listed hepatitis C-associated ED
visits. From 2006 to 2014, the rates of first-listed hepatitis C—
associated ED visits increased by 241.9% among visits by
Medicare beneficiaries (AAPC = 18.0; P < .001), 263.6%
among visits that led to hospital admissions (AAPC = 20.0;
P <.001), and 167.6% among visits by males (AAPC = 13.8,;
P <.001) (Table 2). The rates of all-listed hepatitis C—asso-
ciated ED visits also increased from 2006 to 2014, overall
and for most subgroups examined, although these increases
were smaller than the increases in the rates of first-listed
hepatitis C—associated ED visits. The rate of all-listed hepa-
titis C—associated ED visits increased significantly (103.2%)
among those who left the ED against medical advice (AAPC
=9.6; P <.001) (Table 3).

The mean and annual total charges for hepatitis C—associ-
ated ED visits increased significantly from 2006 to 2014. The
inflation-adjusted mean cost per first-listed hepatitis C-
associated ED visit increased 48.4%, from $2008 in 2006 to
$2979 in 2014 (AAPC = 5.2; P <.001) (Table 2). The annual
total costs of first-listed hepatitis C—associated ED visits
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Table I. Hepatitis C—associated emergency department (ED) visits, by characteristics, United States, 2006 and 2014*

ED Visits With First-Listed Diagnosis
of Hepatitis C, No. (%)°

ED Visits With All-Listed Diagnosis
of Hepatitis C, No. (%)°

Characteristic 2006 2014 P Value®© 2006 2014 P Value®
Overall 12096 (100.0) 34975 (100.0) 581350 (100.0) 870385 (100.0)
Age at ED visit, mean (median), y 48.7 (48.8) 54.2 (55.4) 48.8 (48.4) 52.4 (53.5)
Age, y
<34 1410 (11.7) 2974 (8.5) <.001 52082 (9.0) 94066 (10.8) <.001
35-44 2262 (18.7) 2599 (7.4) <.001 129997 (22.4) 100095 (11.5) <.001
45-54 5141 (42.5) 9707 (27.8) <.001 254737 (43.8) 258788 (29.7) <.001
55-64 2382 (19.7) 14806 (42.3) <.001 103450 (17.8) 311538 (35.8) <.001
>65 901 (7.4) 4889 (14.0) <.001 41124 (7.1) 105885 (12.2) <.001
Sex
Male 7443 (61.5) 22326 (63.8) .19 351202 (60.4) 532356 (61.2) .20
Female 4653 (38.5) 12649 (36.2) .19 230148 (39.6) 338006 (38.8) .20
Birth cohort
Born after 1965 2322 (19.2) 7863 (22.5) .0l 108780 (18.7) 265823 (30.5) <.001
Baby boomers® 8549 (70.7) 25068 (71.7) A3 416120 (71.6) 556452 (63.9) <.001
Born before 1965 1224 (10.1) 2043 (5.8) <.001 56490 (9.7) 48098 (5.5) <.001
Place of residence
Urban 9973 (83.1) 30171 (87.5) .0l 503348 (87.7) 754331 (88.9) .26
Rural 2035 (16.9) 4319 (12.5) .0l 70848 (12.3) 94398 (11.1) .26
Payer
Medicare 2830 (23.5) 12452 (35.6) <.001 158483 (27.3) 275162 (31.6) <.001
Medicaid 3933 (32.6) 12954 (37.1) .01 191 665 (33.0) 360149 (41.4) <.001
Private insurance 2363 (19.6) 4764 (13.6) <.001 96981 (16.7) 108647 (12.5) <.001
Uninsured® 2170 (18.0) 2919 (84) <.001 97347 (16.8) 89309 (10.3) <.001
Other 765 (6.3) 1870 (5.3) 44 35748 (6.2) 36217 (4.2) .004
National quartile for median household
income of patient’s ZIP code®
0-25 4511 (38.9) 13302 (39.6) .78 222668 (39.8) 360617 (43.7) .08
26-50 3090 (26.6) 9661 (28.7) 23 144363 (25.8) 223820 (27.1) .32
51-75 2434 (21.0) 6250 (18.6) A3 116549 (20.8) 142861 (17.3) .002
76-100 1574 (13.6) 4395 (13.1) 75 76375 (13.6) 98265 (11.9) .14
Liver disease severity
Non-cirrhotic liver disease 5577 (46.1) 6245 (17.9) <.001 434643 (74.8) 615373 (70.7) <.001
Compensated cirrhosis 2078 (17.2) 14226 (40.7) <.001 57919 (10.0) 128534 (14.8) <.001
End-stage liver disease” 4441 (36.7) 14504 (41.5) .02 88851 (15.3) 126478 (14.5) 11
Disposition of patient from the ED
Routine discharge 4467 (36.9) 6158 (17.6) <.001 184865 (31.8) 336967 (38.7) <.001
Admitted to hospital 7152 (59.1) 28354 (81.1) <.001 369629 (63.6) 503555 (57.9) .002
Transferred to other facilities' 100 (0.8) 220 (0.6) 43 8752 (1.5) 14783 (1.7) .30
Discharged against medical advice 112 (0.9) 210 (0.6) .14 5001 (0.9) 13324 (1.5) <.001
Other discharges’ 264 (2.2) NC NC 13167 (2.3) 1757 (0.2) <.001

Abbreviation: NC, not calculated because of limited sample size.

?Data source: Nationwide Emergency Department Sample database.?'

®The number of ED visits are weighted to be nationally representative. Some rows by characteristics may not sum to the column total because of missing data.

P values were from z score tests comparing category-specific proportions from 2006 to 2014. P < .05 was considered significant.

9Born during 1945-1965.

®Uninsured payments include self-pay and no charge.

fOther payers include Workers’ Compensation, Civilian Health and Medical Program of the Uniformed Services (CHAMPUS), Civilian Health and Medical

Program of the Department of Veterans Affairs (CHAMPVA), Title V, and other government programs.

8The median household incomes of residents in the patients’ ZIP code were classified as 4 quartiles by 0-25th, 26th-50th, 51st-75th, and 76th-100th
percentiles, indicating the poorest to wealthiest populations.24

PEnd-stage liver disease includes decompensated cirrhosis, hepatocellular carcinoma, and liver transplantation.
'Other facilities include nursing facility, intermediate care, home health care, and other type of facilities.
!Other discharges include died in ED, discharged/transferred to court/law enforcement, not admitted, or destination unknown.

increased 400.0%, from $14.2 million in 2006 to $71.1 mil-
lion in 2014. The mean cost per all-listed hepatitis C—asso-
ciated ED visit increased 78.0%, from $2090 in 2006 to

$3720in 2014 (AAPC = 6.9; P <.001) (Table 3). The mean
cost per all-listed hepatitis C—associated ED visit was sig-
nificantly higher than that for all other ED visits without any
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Figure 1. Trends in the number and rate of emergency department (ED) visits with first-listed and all-listed diagnosis of hepatitis C, overall
and by birth cohort, United States, 2006-2014. (A) Rate of ED visits with first-listed diagnosis of hepatitis C; (B) number of ED visits with first-
listed diagnosis of hepatitis C; (C) rate of ED visits with all-listed diagnosis of hepatitis C; (D) number of ED visits with all-listed diagnosis of
hepatitis C. Data are from the 2006-2014 Nationwide Emergency Department Sample (NEDS) survey.?' Visits are nationally representative
by using the NEDS weights and sampling design. Birth cohort is stratified as younger cohort (born after 1965), baby boomers (born 1945-
1965), and older cohort (born before 1945). Trends were assessed by joinpoint analysis.

diagnosis of hepatitis C during 2006-2014. The annual total
costs of all-listed hepatitis C—associated ED visits increased
192.0%, from $773.9 million in 2006 to $2.3 billion in 2014.

We also assessed changes in liver disease severity among
visits by baby boomers (Figure 2). Among first-listed hepa-
titis C—associated ED visits by baby boomers, we found a
significant increase in the proportion of persons with com-
pensated cirrhosis, from 19.2% in 2006 to 46.2% in 2014
(AAPC = 11.5; P <.001), and the proportion of persons with
end-stage liver disease, from 41.8% in 2006 to 45.7% in 2014
(AAPC = 2.2%; P <.001), as well as a significant decrease
in the proportion of persons with non-cirrhotic liver disease,
from 39.0% in 2006 to 8.1% in 2014 (AAPC = —17.3; P <
.001) (Figure 2). Among all-listed hepatitis C—associated ED
visits by baby boomers, the proportion with compensated
cirrhosis increased significantly, from 11.2% in 2006 to
18.0% in 2014 (AAPC = 6.3; P < .001), and the proportion
with non-cirrhotic liver disease decreased significantly, from
71.9% in 2006 to 64.7% in 2014 (AAPC = —1.3; P < .001).
The difference in the proportion of persons with end-stage
liver disease was not significant.

Discussion

Using nationally representative data, we found significant
increases in numbers, rates, and costs of hepatitis C—associ-
ated ED visits during 2006-2014, indicating a large and
increasing burden of ED-based HCV care in the United
States. These increases occurred overall and among most
subgroups examined, especially baby boomers, Medicare
beneficiaries, and Medicaid beneficiaries. To our knowl-
edge, this study is the first to highlight the rising trends and
substantial shifting of demographic and clinical characteris-
tics of ED-based HCV care in the United States. A better
understanding of these changes could improve public health
efforts in hepatitis C care and treatment in the ED.

For this analysis, we used both a narrow definition
(first-listed diagnosis of hepatitis C) and a broad definition
(all-listed diagnosis of hepatitis C) to capture data for HCV-
infected persons presenting to EDs. Although the numbers of
hepatitis C—associated ED visits according to the narrow
definition were lower than those according to the broad def-
inition, they had much higher rates of increase and larger
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Table 2. Trends in emergency department (ED) visits with first-listed diagnosis of hepatitis C, by subgroups, United States, 2006-2014°

First-Listed Hepatitis C-Associated ED Visits per 100000 Visits, Rate (95% CI)®

%

Increase AAPC
From From
2006 to 2006 to
Characteristic 2006 2008 2010 2012 2014 2014 2014°
Overall 10.1 (9.1-11.1) 18.3 (16.8-19.8)  22.5 (20.6-24.4)  24.8 (22.3-27.2) 254 (23.2-27.5) 151.5¢ 13.0°
Sex
Male 13.6 (12.0-15.2)  26.1 (23.6-28.6)  33.3 (30.3-36.3)  35.9 (31.9-39.9) 36.4 (33.0-39.8) 167.6° 13.8°
Female 7.1 (6.3-8.0) 12 (10.9-13.0) 13.8 (12.5-15.0) 15.8 (14.4-17.3) 16.5 (15.1-18.0) 132.4° 11.8°
Birth cohort
Born after 3.4 (3.0-3.8) 4.4 (3.9-4.9) 6.2 (5.5-6.8) 7.0 (6.3-7.7) 9.0 (8.1-9.9) 164.7¢ 14.3¢
1965
Baby 29.5 (26.2-32.7)  59.2 (54.2-64.1) 72 (65.7-783)  81.6 (73.0-90.2) 79.6 (72.5-86.7) 170.0° 13.8°
boomers'
Born before 5.4 (4.4-6.3) 10.4 (9.1-11.8) 12.2 (10.6-13.8) 13 (10.9-15.2) 10.7 (9.1-12.4) 98.1°¢ 9.1¢
1945
Place of residence
Urban 10.4 (9.2-11.6) 19.7 (17.9-21.4) 239 (21.7-26.1)  26.3 (23.5-29.1) 26.6 (24.2-29.0) 155.8° 14.5¢
Rural 8.6 (7.4-9.9) 11.8 (10.2-13.3) 15.8 (13.9-17.6) 17.0 (14.8-19.2) 18.2 (15.9-20.6) I11.6° I1.4°
Payers
Medicare 11.7 (10.2-13.1) 27 (24.5-29.6)  33.8 (30.7-37.0)  38.2 (33.8-42.7) 40.0 (36.1-43.8) 241.9¢ 18.0°
Medicaid 148 (12.6-17.1) 252 (22.2-28.2) 282 (25.1-31.3)  29.5 (26.0-33.1) 29.4 (26.6-32.1) 98.6° 10.6°
Private 5.7 (4.9-6.5) 11.2 (9.3-13.1) 12.7 (11.1-14.3) 12.8 (11.1-14.6) 12.7 (11.2-14.3) 122.8° 12.1¢
insurance
Uninsured?® 10.5 (9.2-11.8) 12.2 (10.8-13.6) 14.6 (12.6-16.6) 16.5 (14.7-18.3) 15.5 (13.4-17.5) 47.6° 7.5¢
Other" I1.6 (8.3-15.0) 22.1 (17.9-26.3)  34.3 (26.0-42.7)  31.7 (24.7-38.7) 30.9 (20.0-41.9) 166.4° 12.3¢
National quartile for median annual
household income of patient’s ZIP code'
0-25 12.3 (10.5-14.1)  18.4 (16.5-20.3) 23 (20.4-25.6)  26.1 (23.2-29.1) 28.0 (25.1-30.9) 127.6° I1.5¢
26-50 9.8 (8.6-11.0) 18.5 (16.3-20.6)  22.2 (19.9-246)  25.0 (21.6-28.3) 24.7 (22.1-27.4) 152.0° 14.4°
51-75 8.9 (7.8-10.1) 17.7 (15.6-19.9)  21.6 (18.9-244)  23.0 (19.5-26.6) 22.6 (20.2-25.0) 153.9¢ 13.5¢
76-100 7.2 (6.1-8.3) 15.4 (13.1-17.6) 19.9 (16.9-22.9)  21.5(18.3-24.6) 21.1 (17.9-24.4) 193.1¢ 13.6°
Disposition of patient from the ED
Routine 4.9 (4.3-5.4) 4.9 (4.3-5.6) 4.9 (4.2-5.5) 5.3 (4.8-5.8) 5.5 (4.9-6.1) 12.2 2.2°
discharge
Admitted to  36.3 (31.5-41.0) 84.2 (76.8-91.6) 109.2 (99.9-119.0) 127.9 (114.0-142.0) 132 (120.0-144.0) 263.6° 20.0°
hospital
Transferred 5.8 (3.1-8.5) 7.8 (4.6-11.0) 6.7 (3.8-9.6) 10.8 (7.3-14.3) 11.2 (7.7-14.7) 93.1¢ 5.7
to other
facilities’
Discharged 7.1 (4.2-10.0) 6.6 (3.7-9.6) 84 (4.9-11.9) 7.7 (5.0-10.5) 10.2 (7.1-13.3) 103.2° 6.7¢
against
medical
advice
Other 5.2 (2.9-7.4) 4.2 (1.7-6.6) 9.7 (4.1-15.3) NC NC NC NC
discharges®
Total ED costs, 2008 (1832-2183) 2011 (1874-2148) 2395 (2236-2554) 2650 (2426-2875) 2979 (2758-3200) 48.4° 5.2¢

mean (95%
Cl), 2014 $

Abbreviations: AAPC, average annual percentage change; NC, not calculated because of small sample size.

?Data source: Nationwide Emergency Department Sample database.?'
®The number of ED visits are weighted to be nationally representative.
“Percentage increase was analyzed by using the z score test, with P < .05 considered significant.
9AAPC were analyzed by joinpoint analysis, with P < .05 considered significant.
©Significant at P < .001.
fBorn during 1945-1965.
8Uninsured payments include self-pay and no charge.
POther payers include Workers' Compensation, Civilian Health and Medical Program of the Uniformed Services (CHAMPUS), Civilian Health and Medical
Program of the Department of Veterans Affairs (CHAMPVA), Title V, and other government programs.
"The median household incomes of residents in the patients’ ZIP code were classified as 4 quartiles by 0-25th, 26th-50th, 51st-75th, and 76th-100th percentiles,
indicating the poorest to wealthiest populations.”*
10ther facilities include nursing facility, intermediate care, home health care, and other type of facilities.
“Other discharges include died in ED, discharged/transferred to court/law enforcement, not admitted, or destination unknown.
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Table 3. Trends in emergency department (ED) visits with all-listed diagnosis of hepatitis C, by subgroups, United States, 2006-2014*

All-Listed Hepatitis C-Associated ED Visits per 100000 Visits, Rate (95% CI)®

Characteristics 2006

2008

2010

2012

2014

% Increase AAPC

Overall 484.4 (449.9-518.8)
Sex
Male 641.7 (596.1-687.3)
Female 352.5 (325.7-379.4)
Birth cohort

Born after 1965
Baby boomers'
Born before

159.6 (143.7-175.5)

247.3 (232.1-262.5)

1945
Place of residence
Urban 526.0 (484.3-567.7)
Rural 299.8 (271.2-328.4)
Payer
Medicare 653.4 (614.6-692.2)
Medicaid 722.9 (649.1-796.7)
Private 233.2 (216.7-249.8)
insurance
Uninsured® 471.0 (428.5-513.5)
Other" 543.8 (455.3-632.3)

National quartile for median )
household income of patient’s ZIP code'
0-25 609.1 (545.3-672.9)

26-50 456.9 (424.3-489.5)
51-75 428.0 (391.9-464.0)
76-100 3480 (317.2-378.8)

Disposition of patient from the ED
Routine 201.2 (178.2-224.2)
discharge
Admitted to
hospital
Transferred to
other facilities'

504.6 (397.2-611.9)

Discharged 316.6 (266.4-366.7)
against medical
advice

Other 257.4 (169.8-345.0)

discharges*
Total ED costs,
mean (95% ClI),
2014 $

2090 (1942-2238)

489.5 (454.9-524.0)

664.0 (615.1-712.8)
346.3 (321.8-370.8)

166.9 (151.4-182.4)
234.3 (215.0-253.5)
520.3 (480.7-559.9)
283.3 (256.0-310.6)
656.5 (616.1-697.0)
751.0 (663.2-838.9)
2345 (216.8-252.3)
435.8 (401.6-469.9)
602.3 (516.8-687.8)

549.8 (490.2-609.4)
439.0 (406.5-471.6)
437.3 (402.5-472.2)
366.3 (334.4-398.3)

217.6 (197.2-238.1)

431.5 (325.9-537.1)

380.3 (334.5-426.1)

139.6 (40.3-238.8)

2412 (2243-2581)

556.6 (520.4-592.7)

760.9 (709.8-811.9)
392.0 (366.2-417.8)

217.5 (196.9-238.2)
242.0 (222.4-261.7)
595.1 (553.2-636.9)
327.4 (285.9-368.8)
754.9 (711.5-798.2)
783.3 (711.3-855.2)
251.5 (234.4-268.6)
462.1 (423.6-500.6)
806.4 (679.4-933.4)

642.9 (578.3-707.5)
504.3 (466.9-541.6)
488.5 (444.7-532.3)
416.9 (377.3-456.6)

263.4 (235.7-291.1)
676.2 (564.7-787.7)
520.6 (455.7-585.5)

389.7 (155.0-624.4)

2868 (2665-3071)

580.2 (533.3-627.2)

791.5 (727.3-855.8)
410.5 (376.5-444.4)

243.0 (215.8-270.2)

244.9 (222.7-267.0)

621.2 (566.1-676.3)
345.3 (311.2-379.4)

808.8 (752.1-865.5)
734.6 (649.8-819.3)
265.9 (245.5-286.3)

508.2 (454.2-562.3)
683.1 (584.7-781.5)

678.3
549.1
509.0
435.0

608.2-748.3)
481.3-616.9)
463.1-554.9)
395.2-474.8)

—~ e~~~

282.0 (252.2-311.7)

682.0 (599.0-764.9)

558.3 (480.6-636.1)

400.1 (311.1-489.2)

3098 (2832-3364)

631.6 (584.6-678.6)

868.2 (801.7-934.7)
441.9 (409.4-474.5)

304.6 (275.8-333.3)

1433.6 (1343.0-1524.3) 1488.8 (1395.3-1582.2) 1655.4 (1560.7-1750.1) 1733.4 (1609.9-1856.9) 1767.2 (1648.0-1886.5)

252.6 (227.3-277.9)

665.8 (612.8-718.9)
398.3 (358.2-438.4)

883.1 (822.1-944.1)
816.5 (737.6-895.4)
290.7 (261.8-319.6)

473.1 (413.4-532.9)
599.1 (471.2-726.9)

759.9
5732
516.3
472.8

686.2-833.5)
525.8-620.6)
474.9-557.6)
422.9-522.7)

—~ e~~~

301.2 (270.7-331.6)

1873.5 (1735.2-2011.8) 1806.4 (1668.3-1944.5) 1958.0 (1838.5-2077.6) 2109.4 (1934.4-2284.4) 2343.6 (2180.5-2506.8)

751.0 (656.9-845.0)

643.3 (551.4-735.1)

440.7 (311.6-569.8)

3720 (3463-3977)

(2014 vs  (2006-
2006)° 2014)¢
30.4° 34°
353° 37°
25.4° 3.2°
90.9° 9.2°
23.3¢ 2.6°
2.1 04
26.6° 3.1°
32.9° 3.8°
35.2° 3.9°
12.9 0.6
24.7° 2.6°
0.4 1.6
102 2.0
24.8° 23
25.5¢ 3.6°
20.6° 3.1°
35.9° 3.6°
49.7° 5.5
25.1° 23°
48.8° 6.6°
103.2° 9.6°
85.7 8.2°
78.0° 6.9°

Abbreviations: AAPC, average annual percentage change; NC, not calculated because of small sample size.
?Data source: Nationwide Emergency Department Sample database.?'

®The number of ED visits are weighted to be nationally representative.
“Percentage increase was analyzed by using the z score test, with P < .05 considered significant.
4AAPCs were analyzed by using joinpoint analysis, with P < .05 considered significant.

“Significant at P < .001.
fBorn during 1945-1965.

8Uninsured payments include self-pay and no charge.
POther payers include Workers’ Compensation, Civilian Health and Medical Program of the Uniformed Services (CHAMPUS), Civilian Health and Medical
Program of the Department of Veterans Affairs (CHAMPVA), V, and other government programs.
"The median household incomes of residents in the patients’ ZIP code were classified as 4 quartiles by 0-25th, 26th-50th, 5 Ist-75th, and 76th-100th percentiles,
indicating the poorest to wealthiest populations.?*
10ther facilities include nursing facility, intermediate care, home health care, and other type of facilities.
“Other discharges include died in ED, discharged/transferred to court/law enforcement, not admitted, or destination unknown.

proportions of hospitalization and cirrhosis. The narrow def-
inition may reflect a subgroup of patients with severe medical
conditions directly caused by HCV infection. We used the
broad definition to reflect the total level of hepatitis C—asso-
ciated ED visits. Using the all-listed diagnosis approach and
the National Hospital Ambulatory Medical Care Survey
(NHAMCS) data, Galbraith et al” estimated 73 000 hepatitis
C—associated ED visits annually (80.0 per 100 000 ED visits),

which was substantially lower than our estimate of 581350
visits (484.4 per 100 000 visits) in 2006. However, the authors
indicated that they may have underdetected the number of
hepatitis C—associated visits, particularly in the ED setting,
because of the small number of diagnoses collected by
NHAMCS (up to 3 diagnoses per visit). NEDS contains up
to 30 diagnoses per visit, which would capture more hepatitis
C-associated ED visits under the broad definition.
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Figure 2. Distributions of liver disease severity among emergency department visits by baby boomers (born during 1945-1965) with first-
listed (A) and all-listed (B) diagnosis of hepatitis C, United States, 2006-2014. Data are from the 2006-2014 Nationwide Emergency
Department Sample (NEDS) survey.?' Visits are nationally representative by using the NEDS weights and sampling design. Trends were

assessed by joinpoint analysis.

Reasons for the increase in hepatitis C—associated ED
visits and changes in demographic characteristics and liver
disease severity are likely multifactorial. Baby boomers
account for up to 75% of all HCV infections in the United
States.'” Because of HCV testing efforts,'” aging, entry of
new patients who were waiting for more efficacious treat-
ment, and progression of HCV-related liver diseases and
other comorbid conditions among baby boomers, increasing
numbers of this population may present to the ED for emer-
gent complications of chronic HCV infection. In our study,
we found that baby boomers accounted for most hepatitis C—
associated ED visits and were one of the driving forces for
the increasing trends in ED-based HCV care. The proportion
of visits by baby boomers with compensated cirrhosis sub-
stantially increased, especially during 2006-2008, among ED
visits by baby boomers, which may be a contributing factor
to the large increase in the percentage of persons admitted to
hospitals from the ED. Second, we found that the rate of ED-
based HCV screening among the total ED population
increased significantly (AAPC = 11.9; P < .001) during
2006-2014 (Supplementary Figure available at https://fig
share.com/articles/Supplemental_Figure_ Number_and_
Rate_of_Emergency_Department_ED_Visits_with_Any_
Hepatitis_C_Virus_HCV_Testing_Procedures_in_the_
United_States_2006-2014/9 587018), which could lead to a
higher rate of ED use for HCV care. Third, Medicare and
Medicaid beneficiaries constituted most hepatitis C—associ-
ated ED visits in our study, and the number of visits by these
beneficiaries increased significantly from 2006 to 2014.
Finally, the percentage of hepatitis C—associated ED visits
by the younger cohort increased significantly during 2006-
2014, which may reflect the increase of new HCV infections
among young persons who used opioids during 2004-2014.%°

Our findings underscore the need to develop effective pol-
icies and programs for ED-based HCV care, including screen-
ing, linkage to care, treatment, and prevention services. With
the availability of direct-acting antiviral agents for HCV treat-
ment, hepatitis C—associated conditions have become more
manageable and preventable at primary care sites. However,
our study indicates that hepatitis C—associated ED visits
increased significantly through 2014, and many visits led to
hospital admission. Reasons for an increase in hepatitis C—
associated ED visits may include limited access to primary
care service, poor insurance coverage, or delayed HCV treat-
ment, with persons not presenting for care until after devel-
oping severe liver disease and its sequelae. Many ED visits
could be prevented with aggressive early diagnosis and refer-
ral to care and treatment of hepatitis C in primary care or other
health care settings, avoiding the substantially higher costs of
ED visits and later hospitalization.

We found a significant increase in all-listed hepatitis C—
associated ED visits among persons who left the ED against
medical advice. This finding is concerning because dis-
charges against medical advice are associated with short-
term mortality and hospital readmission.*'* Predictors of
discharges against medical advice include younger age, hav-
ing Medicaid or no insurance, current substance or alcohol
use or a history of substance or alcohol use, and longer
waiting time at the ED.*!**3> HCV-related education, coun-
seling, and linkage-to-care services are needed to prevent
such premature discharges.

Limitations

This study had several limitations. First, because NEDS does
not specify the primary reason for an ED visit, we based our
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estimates on diagnosis codes, which may be subject to poten-
tial bias. Second, NEDS does not cover non-community hos-
pitals (eg, Veterans Administration hospitals). Thus, our
study likely underestimated the true burden of ED-based
HCYV care. Third, because NEDS does not have laboratory
data, we may have underestimated the cirrhosis levels among
patients at EDs. The code lists that we used to define end-
stage liver disease may be subject to inaccuracy. For exam-
ple, the presence of esophageal varices without bleeding in
some patients may not necessarily indicate decompensated
cirrhosis or end-stage liver disease. In addition, NEDS col-
lects data only at the visit level, and individual identifiers
were not available. Thus, we conducted all analyses of demo-
graphic characteristics and liver disease severity at the visit
level. We could not track patients’ ED use longitudinally.
Further studies using other data sources are needed to exam-
ine hepatitis C—associated morbidity and mortality at the
individual level in the ED.

Conclusion

The number, rate, and cost of hepatitis C—associated ED
visits increased significantly from 2006 to 2014, especially
among baby boomers, Medicare beneficiaries, and Medicaid
beneficiaries. Increasing numbers of these patients had liver
disease complications and were hospitalized after ED visits.
Efforts to improve primary prevention, early HCV detection,
linkage to care, and curative treatment among these patients
at primary care settings are warranted to reduce the burden of
HCV on the ED system.
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