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Abstract
BACKGROUND
Chronic liver disease and cirrhosis is the 12th leading cause of death in the United
States. Patients with decompensated-cirrhosis, especially with hepatic
encephalopathy/coma (HC), have a higher rate of early readmission and
contribute to higher healthcare cost.

AIM
To evaluate the national inpatient trends of discharges, mortalities and financial
impacts associated with four common conditions of cirrhosis.

METHODS
The publicly available Healthcare Cost and Utilization Project National Inpatient
Sample database was utilized to examine the temporal trends of total number of
discharges, mortalities and inpatient costs related to hospitalization with a
primary diagnosis of HC, transjugular intrahepatic portosystemic shunt (TIPS),
esophageal varices with bleeding (EV) and spontaneous bacterial peritonitis
(SBP) from 2005 to 2014. The ten-year temporal trends were assessed using
simple linear regressions and multiple regression analysis. Two-sided P < 0.05
was considered statistically significant.

RESULTS
From 2005 to 2014, the total number of discharges with cirrhosis-associated
complications trended up for HC, SBP and EV (HC by 70% increase, P < 0.0001;
SBP by 819% increase, P = 0.0002; EV by 9% increase, P = 0.016), but not for TIPS
(P = 0.90). HC related to viral hepatitis showed faster increase by 357% (P <
0.0001) in comparison to HC not related to viral hepatitis by 33 % (P = 0.0006).
Overall, in-hospital mortality rates for each condition decreased from 2005 to
2014 (HC by 29% reduction, P = 0.0024; SBP by 26% reduction, P = 0.0038; TIPS
by 32% reduction, P = 0.021) except for EV (P = 0.34). After adjustment for
inflation, aggregate cost of hospitalization for EV, HC, and SBP significantly
increased by 20%, 86%, and 980%, respectively, from 2005 to 2014 (all P < 0.02),
while TIPS had trend toward decreasing cost by 3% (P = 0.95).
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CONCLUSION
The number of hospitalizations and costs for some of the cirrhosis-associated
conditions increased. However, the inpatient mortality rates for most of these
conditions decreased.

Key words: Cirrhosis; Hepatic encephalopathy; Spontaneous bacterial peritonitis;
Esophageal varices; Transjugular intrahepatic portosystemic shunt
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Core tip: Understanding recent temporal trends of cirrhosis-associated conditions is an
important aspect of developing strategies to reduce health care cost. Our study showed
increasing trends of hospital discharges related to cirrhosis-associated conditions despite
the decreasing trends for total hospital discharges across the nation. Importantly, hepatic
coma associated with viral hepatitis showed rapid increase in discharge volume in
comparison to hepatic coma not associated with viral hepatitis. After adjusting for
inflation, cirrhosis associated conditions showed disproportionately greater increase in
aggregate cost compare to national trends. This suggests that prevention of
hospitalizations secondary to cirrhosis-associated conditions likely reduces overall health
care cost.

Citation: Sempokuya T, Zhang G, Nakagawa K. Temporal trends of cirrhosis associated
conditions. World J Hepatol 2019; 11(1): 74-85
URL: https://www.wjgnet.com/1948-5182/full/v11/i1/74.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i1.74

INTRODUCTION

Background
Chronic liver disease and cirrhosis is the 12th leading cause of death in the United
States[1]. Cirrhosis is associated with multiple life-threatening complications such as
intraabdominal infections, hepatic encephalopathy/coma (HC), portal hypertension,
esophageal varices and hepatocellular carcinoma. These complications are suggestive
of decompensated-cirrhosis and are indicative of worse prognosis among patients
with cirrhosis[2,3]. In addition, patients with decompensated-cirrhosis, especially with
HC, have a higher rate of  early readmission and contribute to higher healthcare
cost[4-6]. Other cirrhosis-associated complications such as portal hypertension, renal
dysfunction and infections were also associated with higher inpatient mortality[7].

Objective
Reducing the preventable hospitalizations and readmissions are the focus of recent
national initiatives with the goal of improving quality of care and reducing health
care costs. Therefore, optimal management of cirrhosis to prevent decompensated-
cirrhosis is emphasized. However, there is limited data on the temporal trend of
hospitalizations and mortality associated with cirrhosis-associated complications.
Recent retrospective studies showed a decline in the number of hospitalizations for
esophageal varices with bleeding (EV)[8-10]. However, there is paucity of data on other
cirrhosis-associated conditions. Therefore, we conducted a larger population-based
study to evaluate the national temporal trends of hospitalizations, mortalities and
financial  impact  associated  with  four  common  conditions  of  cirrhosis:  HC;
intraabdominal venous shunt (transjugular intrahepatic portosystemic shunt or TIPS);
EV; spontaneous bacterial peritonitis (SBP).

MATERIALS AND METHODS

Data sources
National Inpatient Sample (NIS), the largest all-payer database of inpatient care in the
United States, from the Healthcare Cost and Utilization Project (HCUP) published by
the Agency for Healthcare Research and Quality, contains data from over 7-million
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hospital discharges each year from over 1000 hospitals and is weighted to produce
national estimates[11]. The HCUP validates the NIS for biases by comparing it with
other population-based data sets[12] and NIS data have been utilized and published in
the past[13-17]. There was a change in sampling methods in 2012, but the collection date
was adjusted for this change[11,18]. Data reporting met the NIS data use agreement as
established by  the  HCUP[11].  Since  we utilized  publicly-accessible,  de-identified
administrative level aggregate data, rather than patient-specific data, approval from
the institutional review board was not required to conduct the study.

Study population
We conducted a retrospective study utilizing the NIS to assess 10 year temporal
trends from 2005 to 2014 for total number of discharges, death, mortality, length of
stay (LOS), mean charges, aggregate charges, aggregate costs, age, sex, insurance
types (Medicare, Medicaid, Private insurance, Uninsured, Other or Missing) and bed
size (Small, Medium and Large) related to hospitalization, with a primary diagnosis
of HC, TIPS, EV and SBP, using International Classification of Diseases (ICD)-9 codes
(HC: 572.2; HC secondary to viral hepatitis: 070.0, 070.20-23, 070.41-44, 070.49, 070.6,
070.71; TIPS: 39.1; EV: 456.0; SBP: 567.23)[11,19]. A primary diagnosis is the main reason
why patients are hospitalized, rather than a secondary diagnosis which sometimes
used to identify continuation of treatment for chronic conditions in the hospital. These
ICD-9  codes  have  been  validated  in  literature  except  HC  secondary  to  viral
hepatitis[19]. Codes for HC secondary to viral hepatitis include acute viral hepatitis
resulted in HC. However, if providers used codes for unspecified acute liver failure
which resulted in HC from viral hepatitis, our analysis was unable to include these
populations due to lack of specificity of codes. As the coding behavior is becoming
more specific due to insurance requirement, we expect that inclusion codes related to
HC secondary to viral hepatitis will be an important part of analysis. This will allow
us to evaluate if the changes related to HC is merely an artifact of coding behavior.
We  also  obtained  data  for  a  National  all-cause  hospitalization  (national)  for  a
comparison. Importantly, the ICD-9 code for SBP, 567.23, was introduced in 2005[13].
We only evaluated a  primary diagnosis  of  ICD-9 codes  rather  than a  secondary
diagnosis to avoid duplication in the data. We chose to end the study period in 2014
since the official transition from ICD-9 codes to ICD-10 codes occurred nationally in
2015.

Statistical analysis
A biomedical  statistician  GZ reviewed and  performed statistical  analysis.  Both
charges and costs were inflation-adjusted using the appropriate Consumer Price
Index (http://www.bls.gov/cpi/) and all converted to 2014 United States dollars. We
compared the 10-year temporal trends of discharges, mortalities, charges and costs
data using simple linear regressions using SAS version 9.4 (SAS Institute Inc., Cary,
NC). We also used multiple regression analysis to explore the adjustments of mean
age  and  LOS  for  outcomes  that  showed  significant  temporal  trends  in  simple
regressions. Nonrandom temporal trends (or “special-cause variation”) were also
demonstrated by run charts using the statistical process control decision rule: there
are 6 or more consecutive data points always going up or going down over time[20].
Two-sided  P  <  0.05  was  considered  statistically  significant  without  multiple
comparison adjustments.

RESULTS
Temporal trends of discharges for cirrhosis-associated conditions are shown in Figure
1A-C. From 2005 to 2014, the primary diagnosis of four cirrhosis related pathologies
were all trending up except TIPS [HC, 47268 to 80470 by 70% increase, slope estimate
(annual change rate) = 4205 [95% confidence interval (CI) = 3739 to 4671], P < 0.0001;
SBP, 821 to 7545 by 819% increase, slope = 660 (428 to 893), P = 0.0002; EV, 3942 to
4305 by 9% increase,  slope = 55 (13 to 96),  P  = 0.016;  TIPS, 4079 to 4060 by < 1%
decrease, slope = 9 (-151 to 168), P = 0.90]. Nationally, the total number of discharges
decreased from 37843039 to 35358818 by 7% [slope = -316319 (-433063 to -199576), P =
0.0002].  Similar  significance  of  temporal  trends  of  these  discharges  remained if
adjusted for mean age and LOS, and both variables did not show significant change
over time (all P > 0.11). HC not related to viral hepatitis (ICD-9 code 572.2) increased
from 41796 to 55485 by 33% from 2005 to 2014 [slope = 1688 (968 to 2408), P = 0.0006],
while HC related to viral hepatitis (070.0, 070.20-23, 070.41-44, 070.49, 070.6, 070.71)
increased faster, from 5472 to 24985 by 357% [slope = 2517 (1732 to 3302), P < 0.0001].

Overall  as described in Figure 2,  in-hospital  mortality rates for each condition
significantly decreased from 2005 to 2014 [HC: 8.06% to 5.73% by 29% reduction, slope
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Figure 1

Figure 1  10-year temporal trends of discharges. A: Percent changes of discharge numbers compare to 2005; B:
Percent changes of discharge numbers compare to 2005 without SBP; C: Discharge volume for cirrhosis associated
conditions. From 2005 to 2014, the primary diagnosis of four cirrhosis related pathologies were all trending up except
TIPS. EV: Esophageal varices with bleeding; HC: Hepatic encephalopathy/coma; TIPS: Transjugular intrahepatic
portosystemic shunt; SBP: Spontaneous bacterial peritonitis.

= -0.21% (-0.33% to -0.10%), P = 0.0024; SBP: 8.34% to 6.16% by 26% reduction, slope =
-0.25% (-0.39% to -0.10%), P = 0.0038; TIPS: 10.81% to 7.39% by 32% reduction, slope =
-0.35% (-0.64% to -0.07%),  P  =  0.021]  except  for  EV (5.84% to 6.04%; P  =  0.34).  If
adjusted for mean age and LOS, SBP was still reduced significantly (P = 0.034), but
TIPS were no longer significant (P = 0.067). The changes in in-hospital mortality rates
might be associated with the variations of mean LOS but not with mean age. For
example,  one-day reduction in mean LOS seemed significantly associated with a
reduction in TIPS mortality rates of 1.73% (0.69% to 2.76%), P = 0.007. There was also
a statistically significant reduction on national mortality rate, from 2.04% to 1.90%, or
a 7% reduction, slope = -0.018% (-0.031% to -0.006%), P = 0.011.

Figure 3 shows the 10-year trends for mean LOS and mean ages. Mean LOS for
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Figure 2

Figure 2  10-year temporal trends of mortality rates. In-hospital mortality rates for each condition significantly
decreased from 2005 to 2014 except for esophageal varices with bleeding. EV: Esophageal varices with bleeding;
HC: Hepatic encephalopathy/coma; TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial
peritonitis.

TIPS decreased from 9.6 d in 2005 to 8.0 in 2014 with 17% decrease [slope = -0.18 (-0.34
to -0.01), P = 0.038]. However, other cirrhosis related conditions and national LOS did
not show any significant changes. TIPS had persistently higher LOS as compared to
other conditions.  Mean ages of  cirrhosis-associated conditions were consistently
higher than national average, and HC persistently had the highest mean age.

Figure 4A shows mean charges of four cirrhosis-associated conditions that have
been increasing more than 30% compared to 2005 data, after adjustment for inflation
[HC, $32045 to $47929 by 50% up, slope = 2042$/year (1425 to 2660), P < 0.0001; EV,
$33979 to $51336 by 51% up, slope = 1822$/year (1238 to 2406),  P  < 0.0001; TIPS,
$45425 to $59130 by 30% up, P = 0.0022; SBP, $33151 to $50824 by 53% up, slope =
2019$/year  (687  to  3352),  P=0.008;  from 2005  to  2014).  Nationally,  mean charge
increased from $26323 to $41633, or a 58% increase [slope = 1739$/year (1646 to 1833),
P < 0.0001]. Temporal trends of these mean charges were still significant (all P < 0.012)
after  further  adjustment  for  mean  age  and  LOS.  Figure  4B  shows  mean  costs
associated with four cirrhosis-associated conditions. This figure demonstrates that
TIPS has persistently higher cost  related to hospitalizations.  Compared to mean
charges, mean costs had less variation over time. The mean costs of TIPS, EV and SBP
did not increase significantly over time (all P > 0.15). Only HC significantly increased
mean costs from $11041 in 2005 to $12282, or a 12% increase, slope = 217$/year (92 to
341), P = 0.004 (after adjusting for mean age and LOS, P = 0.002).

After adjustment for inflation, aggregate charges (so called “national bill”) for
hospitalizations related to EV, HC, SBP, TIPS and national increased by 65%, 150%,
1296%, 30 % and 48 %, respectively, from 2005 to 2014 (all P ≤ 0.0001 except for EV, P
= 0.30) (Figure 5a and 5b). Inflation adjusted aggregate costs of hospitalization for EV,
HC, SBP and national increased by 20%, 86%, 980% and 7%, respectively, from 2005 to
2014 (all P < 0.02), while TIPS trended toward a decreased by 3% (P = 0.95) (Figure 5C
and 5D).

Table 1 and Table 2 shows age and sex distributions, insurance coverage and bed
size  for  2005  and  2014  respectively.  For  four  cirrhosis-associated  conditions,
proportions  of  patients  are  shifting from large  hospitals  to  small-medium sized
hospitals.

DISCUSSION
Discharges with a primary diagnosis of HC, SBP, or EV showed increasing trends
despite the decreasing trend for total hospitalizations across the nation over a 10-year
period,  from 2005  to  2014.  Especially  for  SBP,  trends  show an 819% increase  in
hospitalization for this primary diagnosis over 10 years. Hospitalization due to HC
also demonstrated significant increase over the study period, mainly attributable to
the increase in HC coding specifically related to viral hepatitis. Approximately 20.5%
of  HC  is  precipitated  by  SBP[21].  Therefore,  increasing  SBP  with  increasing  HC
suggests actual increase in case number along with change in coding behavior. One
recent study showed that there was an increase in hepatitis C virus infection-related
mortality from 2007 to 2013, and this may explain increasing trends of hepatic coma
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Figure 3

Figure 3  10-year temporal trends of mean length of stay and mean ages. A: 10-year temporal trends of mean
length of stay (LOS); B: 10-year temporal trends of mean ages. Mean LOS for transjugular intrahepatic portosystemic
shunt (TIPS) decreased from 9.6 d in 2005 to 8.0 in 2014 with 17%. However, other cirrhosis related conditions and
national LOS did not show any significant changes. TIPS had persistently higher LOS as compared to other
conditions. Mean ages of cirrhosis-associated conditions were consistently higher than national average, and HC
persistently had the highest mean age. EV: Esophageal varices with bleeding; HC: Hepatic encephalopathy/coma;
TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial peritonitis.

related to viral hepatitis[22].  The referenced study also noted decreasing mortality
related to hepatitis C infection from 2014 to 2016 due to introduction of direct-acting
antiviral agents[22]. Therefore, trends may change beyond 2014 and future study to
assess this change will be necessary. Previous population-based studies[8-10] showed
declining numbers of esophageal varices-related hospitalizations, which is in contrast
to our findings. One possible explanation is that our study consisted of more recent
data compared to the published studies. Jamal et al[8] used data from 1988 to 2002, Lim
et  al[9]  used data from 1998 to 2009 and Pant et  al[10]  used data from 2002 to 2012.
Furthermore, Pant et al[10] who also utilized data from NIS by HCUP, studied only the
EV patients who had concurrent diagnosis of cirrhosis. Our study only looked at a
primary diagnosis of EV, therefore secondary diagnosis of EV was not included which
may have accounted for the differences in the study results. In addition, there was a
change in sampling methods for NIS in 2012, which may have also impacted the
differences in our results compared to the prior studies[11].

Overall, in-hospital mortality rates for cirrhosis-associated conditions generally
decreased over a 10-year period except for EV, even though there were no significant
trends in the overall all-cause inpatient national mortality rate. This may reflect the
advances in pharmacotherapy such as introduction of rifaximin for HC treatment.
Another possible explanation is that mortality related to hepatitis B virus infection
declined from 2007 to 2016, likely due to improvement of care of hepatitis B virus
infection[22]. Since patients with decompensated cirrhosis, especially from HC, are at
risk  for  increased frequency  of  hospital  readmission[4-6],  reducing  the  in-patient
mortality rates may be contributing to the number of readmissions following the
index admission.  However,  our study was not designed to assess the number of
readmissions in order to address this possibility. Kanwal et al[23] showed there is an
increasing trend for post discharge mortality related to cirrhosis admission, which has
likely replaced inpatient mortality. Therefore, decreasing inpatient mortality may not
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Figure 4

Figure 4  Inflation adjusted 10-year temporal trends of mean charges and mean costs. A: Shows mean charges
of four cirrhosis-associated conditions that have been increasing more than 30% compared to 2005 data, after
adjustment for inflation; B: Demonstrates that transjugular intrahepatic portosystemic shunt (TIPS) has persistently
higher cost related to hospitalizations. Compared to mean charges, mean costs had less variation over time. The
mean costs of TIPS, EV and SBP did not increase significantly over time (all P > 0.15). EV: Esophageal varices with
bleeding; HC: Hepatic encephalopathy/coma; TIPS: Transjugular intrahepatic portosystemic shunt; SBP:
Spontaneous bacterial peritonitis.

reflect actual improvement of care related to cirrhosis. Interestingly, TIPS showed
significant decrease in the hospital LOS from 9.6 in 2005 to 8.0 in 2014 by 17% down (P
< 0.04), but other cirrhosis-associated conditions did not play a significant role in the
LOS. This finding is different from a previous study that evaluated TIPS from 1998 to
2012, which showed relatively constant LOS for TIPS-related admissions[24]. TIPS had
persistently high LOS compared to other diagnosis, however this comparison may not
be  appropriate  as  the  ICD-9  code  for  TIPS  was  a  procedure  code  rather  than  a
diagnostic code. In addition, there was a recent trend of minimizing post-procedural
hospital stays[25].

Finally, our aggregate financial analysis suggests that mean charges of cirrhosis-
associated conditions increased over a 10-year period after adjusting for inflation. A
similar  increased  trend  was  also  seen  in  the  national  all-cause  hospitalization.
However, increase in aggregate cost for primary diagnosis of EV, HC and SBP was
disproportionately greater (45% increase)  than the increase in aggregate cost  for
national  trends  (7%  increase)  after  adjusting  for  inflation.  This  suggests  that
prevention of hospitalizations secondary to cirrhosis-associated conditions likely
reduces overall health care cost.

There are some limitations to our study, which are mostly associated with the lack
of patient-level, detailed clinical information as a result of using an aggregate claims
database. Also, we cannot rule out the possibility of temporal changes in the reporting
bias for these conditions, since the reporting process for the discharge diagnoses may
have become more specific over recent years with more prevalent use of electronic
medical records. Therefore, it is unclear if increasing numbers of cirrhosis-associated
discharges  based  on  ICD-9  codes  reflects  actual  increases  in  prevalence  of  the
conditions vs  increase in more accurate reporting of these conditions. In addition,
previous studies have not validated ICD-9 codes related to HC secondary to viral
hepatitis. Therefore, use of unvalidated codes may skew results. Further prospective
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Figure 5

Figure 5  Inflation adjusted 10-year temporal trends of aggregate charges and aggregate costs. Same figures
without SBP for charges and costs. A and B: After adjustment for inflation, aggregate charges for hospitalizations
related to HC, SBP, transjugular intrahepatic portosystemic shunt (TIPS) and national increased from 2005 to 2014
except EV; C and D: Inflation adjusted aggregate costs of hospitalization for EV, HC, SBP and national increased
from 2005 to 2014, while TIPS trended toward a decreased. EV: Esophageal varices with bleeding; HC: Hepatic
encephalopathy/coma; TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial peritonitis.

studies are needed to find the explanations of these trends. We also utilized ICD-9
diagnostic codes for HC, EV and SBP, and an ICD-9 procedure code was utilized for
TIPS. Therefore, comparison between ICD-9 diagnostic codes and procedure codes
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Table 1  Number of all discharges, aggregate cost ($), percent of male (%), mean age, age
distribution, payer type, bed size

Diagnosis (2005) HC SBP EV TIPS

All discharges 47268 821 3942 4079

Male (%) 61.4 66.7 67.7 66.5

Age, mean 57.9 54.2 56.6 55.2

Age n % n % n % n %

18-44 4648 9.8 136 16.6 566 14.4 479 11.8

45-64 29350 62.1 471 57.4 2196 55.7 2600 63.7

65-84 12623 26.7 189 23.0 996 25.3 888 21.8

85+ 622 1.3 N/A N/A 122 3.1 N/A N/A

Payer

Medicare 20002 42.3 338 41.2 1298 32.9 1243 30.5

Medicaid 11819 25.0 181 22.1 639 16.2 870 21.3

Private insurance 10833 22.9 193 23.5 1271 32.2 1555 38.1

Uninsured 2785 5.9 65 7.9 537 13.6 237 5.8

Other 1782 3.8 N/A N/A 192 4.9 174 4.3

Missing N/A N/A N/A N/A N/A N/A N/A N/A

Bed sizes

Small 4869 10.3 111 13.5 520 13.2 55 1.3

Medium 12046 25.5 167 20.4 1017 25.8 861 21.1

Large 30354 64.2 543 66.1 2405 61.0 3163 77.5

n: Number; N/A: Not available; HC: Hepatic coma; SBP: Spontaneous bacterial peritonitis; EV: Esophageal
varices; TIPS: Transjugular intrahepatic portosystemic shunt.

may not reflect differences in the respective trends. We understand that determining
the  reason  for  TIPS  is  important  as  prognosis  may  differ  for  different  causes.
However, NIS data did not allow us to separate etiologies. Additional studies to look
at this difference would be appropriate.

In summary, we observed significant temporal increase in hospitalization due to
cirrhosis-associated complications except for TIPS[2,3]. EV, HC and especially SBP had
significant  increases  in  aggregate  hospitalization  cost.  Strategies  to  prevent
readmission in the era of decreasing mortality rate are needed to effectively reduce
healthcare cost.
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Table 2  Number of all discharges, aggregate cost ($), percent of male (%), mean age, age distribution, payer type, bed size

Diagnosis (2014) HC SBP EV TIPS

All discharges 80470 7545 4305 4060

Male (%) 60.4 62.5 65.5 64.3

Age, mean 59.7 56.3 57.0 56.1

Age n % n % n % n %

18-44 5525 6.9 945 12.5 600 13.9 425 10.5

45-64 50085 62.2 4715 62.5 2540 59.0 2660 65.5

65-84 23770 29.5 1680 22.3 1000 23.2 885 21.8

85+ 1080 1.3 105 1.4 125 2.9 N/A N/A

Payer

Medicare 38995 48.5 3005 39.8 1445 33.6 1455 35.8

Medicaid 19545 24.3 2005 26.6 985 22.9 990 24.4

Private insurance 15745 19.6 1940 25.7 1225 28.5 1200 29.6

Uninsured 3240 4.0 360 4.8 470 10.9 270 6.7

Other 2715 3.4 220 2.9 175 4.1 125 3.1

Missing 229.999 0.3 N/A N/A N/A N/A N/A N/A

Bed sizes

Small 13620 16.9 1065 14.1 830 19.3 255 6.3

Medium 23280 28.9 2060 27.3 1265 29.4 1000 24.6

Large 43570 54.1 4420 58.6 2210 51.3 2805 69.1

n:  number; N/A: Not available; HC: Hepatic coma; SBP: Spontaneous bacterial peritonitis; EV: Esophageal varices; TIPS: Transjugular intrahepatic
portosystemic shunt.

ARTICLE HIGHLIGHTS
Research background
There is limited data on recent temporal trends of cirrhosis associated conditions in the United
States, which is critical to identify problems related to hospitalizations.

Research motivation
Healthcare cost reduction, especially in the United States, is a current focus on providing cost-
effective care. Recognizing problems in temporal trends enables to create action plan to reduce
unnecessary costs.

Research objectives
We aim to conduct a descriptive study to identify 10-year temporal trends of cirrhosis associated
conditions which can guide future prospective studies.

Research methods
We used publicly available National Inpatient Sample to conduct 10-year trends analysis of
cirrhosis  associated conditions identified by ICD-9 codes from 2005 to 2014.  Simple linear
regression and multiple regression models were utilized for statistical analysis.

Research results
The total number of discharges of Hepatic encephalopathy/coma (HC), Spontaneous bacteria
peritonitis (SBP) and esophageal varices with bleeding (EV) had significant increase. Notably,
HC associated with viral hepatitis showed faster rate of increase of hospitalizations. Mortalities
has decreased for HC, SBP and transjugular intrahepatic portosystemic shunt (TIPS), but no
change was  observed for  EV.  Aggregate  cost  of  hospitalizations  for  HC,  EV and SBP had
significant increase after adjustment for inflation; however TIPS showed non-significant trends
toward decreasing cost.

Research conclusions
The  number  of  hospitalizations  and  costs  for  some  of  the  cirrhosis-associated  conditions
increased. Especially, HC related to viral hepatitis showed fast rate of increase which suggest
appropriate treatment of viral hepatitis maybe necessary to reduce HC in these population. In
addition, the inpatient mortality rates for most of these conditions decreased.

Research perspectives
Viral hepatitis related cirrhosis maybe contributing to high cost of hospitalization especially
hospitalization related to HC. These findings suggest necessity of studies beyond 2014 after
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introduction of newer antiviral agents for hepatitis C as well as studies to identify trends of re-
admission and post-hospitalization mortality.
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