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Background: Hepatic encephalopathy is a devastating complication of cirrhosis.

Aim: To describe the outcomes after developing hepatic encephalopathy among contemporary,

aging patients

Methods: We examined data for a 20% random sample of United States Medicare enrollees with
cirrhosis,and-Pait,D prescription coverage from 2008-2014. Among 49,164 persons with hepatic
encephalopathys:we evaluated the associations with transplant-free survival using Cox
proportional hazard models with time-varying covariates (hazard ratios, HR) and incidence-rate
ratios (IRR) for healthcare utilization measured in hospital-days and 30-day readmissions per
person-year, Wewvalidated our findings in an external cohort of 2,184 privately insured patients

with complete Tab values.

Results: Hepatiesencephalopathy was associated with median survivals of 0.95 and 2.5 years for
those >65 or<6S-years old and 1.1 versus 3.9 years for those with and without ascites. Non-
alcoholic fatty-liver disease posed the highest adjusted risk of death among etiologies, HR 1.07
95%CI(1.02,1.12). Both gastroenterology consultation and rifaximin utilization were associated
with lower mextality, respective adjusted-HR 0.73 95%CI(0.67, 0.80) and 0.40 95%CI1(0.39,
0.42). 30=day readmissions were fewer for patients seen by gastroenterologists [0.71
95%CI1(0.57-0.88)] and taking rifaximin [0.18 95%CI(0.08-0.40)]. Lactulose-alone was
associated with.fewer hospital-days, IRR 0.31 95%CI(0.30-0.32), than rifaximin-alone, 0.49
95%CI1(0.45-0.53), but the optimal therapy combination lactulose/rifaximin, IRR 0.28
95%CI1(0.27-0:30). These findings were validated in the privately insured cohort adjusting for

Model for Endstage Liver Disease-Sodium score and serum albumin.

ConclusionsiHepatic encephalopathy remains morbid and associated with poor outcomes
among contemporary patients. Gastroenterology consultation and combination lactulose-
rifaximin are both associated with improved outcomes. These data inform the development of

care coordination efforts for persons with cirrhosis.

Introduction
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Cirrhosis is increasingly common. Its prevalence has doubled in the last decade.! Further,
mortality due to cirrhosis rose by 65% from 2008-2016 without sign of slowing.?” The
complexity and costs of cirrhosis are linked most closely to the complications of cirrhosis.
Among these complications, none carry a more abrupt increase in mortality than hepatic
encephalopathy.?-1* Hepatic encephalopathy is the most potent risk factor for hospitalization,
accidental trauma, and mortality.!#!7 The estimated incidence of hepatic encephalopathy is 11.6
per 100-person‘years,'® rises to 40% by 5 years and is accompanied by a survival <40% by 12
months after the'development of hepatic encephalopathy.!!- 13 However, the epidemiology of
cirrhosis has shifted,” with an unclear impact on patient outcomes after developing hepatic

encephalopathysin a contemporary cohort.

Driven by, emerging risk factors, such as Nonalcoholic Fatty Liver Disease (NAFLD),"
patients with cirthosis are presenting at increasingly older ages.?’- 2! Data regarding the outcomes
of hepatic eficephalopathy have been drawn from younger (<60 years old) cohorts of patients
without accessto contemporary supportive care.®!3 In recent years there is increasing awareness
of the benefits of nutritional support,?> 2> mounting data on the benefits of coordinated care with
subspecialists,?* and novel pharmacotherapies for secondary prophylaxis of hepatic
encephalopathyepisodes.?> Optimized therapy using combination lactulose and rifaximin may

not only preventepisodes of hepatic encephalopathy but could reduce overall mortality.?>-27

Herein, we evaluate the clinical outcomes after hepatic encephalopathy in two
population-based cohort of patients with cirrhosis, focusing on 49,000 Medicare-enrollees and

validating our findings in 2,000 privately insured patients.

Methods
Study Population

First, we examined data from a 20% random sample of US Medicare enrollees with
cirrhosis (ICD9571.2, 571.5, 571.6) and continuous Part D (prescription) coverage from 2008-
2014.(Supplementary Figure 1) Patients were included from the time of their first cirrhosis
diagnosis within the study period and were followed thereafter. A summary of diagnostic codes

used is provided in Supplementary Table 1. We included all patients who met criteria for
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cirrhosis using a coding algorithm validated for Medicare data (> 2 diagnostic codes for
cirrhosis).?® This study is a continuation of a prior examination of the incidence and risk-factors
for hepatic encephalopathy in the Medicare population.'® Subjects were followed until death,
transplant, or the end of study (12/31/2014, because ICD-10 replaced ICD-9 in 2015). In order to
evaluate the impact of medication usage, we limited our analyses to beneficiaries enrolled in
Medicare Part D¢ We excluded all patients with less than 90-days of outpatient follow up before
developing HE"Second, we validated our findings in an external cohort of privately insured
patients with €irfhosis with available laboratory data. Complete details of the validation cohort
are available in the Supplement. This study was approved by the University of Michigan

institutional.reyview board.
Definition of Hepatic Encephalopathy

Incident hepatic encephalopathy was defined based on ICD-9 code 572.2 or the
prescription of lactulose or rifaximin for >90 days (less if death or transplantation occurred
before 90 days),,whichever came first. The diagnostic code (572.2) has a specificity of 95-99%.%:
30 As previously published, '3 3! we maximized sensitivity for incident hepatic encephalopathy
using pharmacy linkage to include prescription of medications that are specific for hepatic

encephalopathy‘therapy.
Outcomes

Our primary outcome was survival after hepatic encephalopathy. As below, we model
this outcome in multiple ways including as transplant-free survival and accounting for the
competing risks.of transplant. Patients were followed until death, transplant, or the end of study.
Secondagysouteemes included hospital-days per patient-year and 30-day readmissions per

patient-y¢ar.
Covariates

Fer'complete description of the cohort and risk-adjustment we also included age, sex,
race, Charlson Comorbidity Index (modified to exclude liver disease),* liver disease etiology,
complications of cirrhosis, and evaluation by a gastroenterologist/hepatologist. Patients could
have multiple causes of cirrhosis (e.g. hepatitis B and C, hepatitis C and alcohol related liver

disease). As performed by multiple investigators, we classified a group of patients with likely
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NAFLD-related cirrhosis who had cirrhosis (ICD-9 571.5) but lacked any diagnostic codes for
viral hepatitis, alcohol-related use disorder or alcohol-related organ injury, or auto-immune liver
disease.?* 34 For lack of specific codes for NAFLD, we refer to this as non-alcohol, non-viral
related cirrhosis. Liver disease severity was assessed using a combination of codes for diagnosis
(e.g. ascites,.variceal bleeding), and procedures (e.g. paracentesis and transjugular intrahepatic
portosystemic shunt placement). We categorized hepatitis C therapy using Part D dispensing
records (Suppleémentary Table 1). For the external cohort where we had access to laboratory data,
we also adjustedfor MELD-Na (model for endstage liver disease-sodium), serum albumin, and

platelet count at the time of hepatic encephalopathy diagnosis.

We analyzed two potentially modifiable factors. First, given that it has been associated
with decreased hospitalization risk in randomized and observational studies,?* 3°> we explored
impact of rifaximin use on our outcomes adjusted for the covariates described above. Second, we
evaluated the association of our primary and secondary outcomes with gastroenterology

consultation.

Data Analyses
We used'4 analytic strategies to evaluate our outcomes accounting for biases.

- First, to.account for varying trajectories of disease we employed multivariate Cox
proportienalkhazard models for transplant-free survival using time-varying covariates with
first-order.autoregressive modeling. This method accounts for the temporal relationship of
covariates (i.e. decompensation events during follow-up, progressive development of
comorbidities, duration of exposure, and the temporal proximity of the exposure to the
outcome). We performed a sensitivity analysis of these data for persons diagnosed with
hepatic encephalopathy as inpatients in an attempt to isolate those whose first diagnosis was
with overtdhepatic encephalopathy.

- Second,te account for diagnoses that developed but were not coded or treated prior to the
transition from private to Medicare insurance, we repeated our analyses for all persons with a

minimum of 1 year of follow-up without hepatic encephalopathy (i.e. washout).
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- Third, we addressed the risk of residual immortal time bias despite the use of time-dependent
Cox modelling using a Landmark analysis,3¢ setting the diagnosis of hepatic encephalopathy
as time-zero.

- Fourth, we employed Fine-Gray modeling to account for the competing risk of liver
transplantation.’’

- Fifth, we.analyzed an external/validation cohort where we could fully adjust our risk-
estimatésusing laboratory data (MELD-Na, albumin, platelet count). We included only
patients'with™1-year of follow-up without hepatic encephalopathy (washout) and performed
all outcome assessments using a competing-risk (death vs. transplant) landmark analysis
(setting thesdiagnosis of hepatic encephalopathy as time-zero). We adjusted all analyses
using variables that were present at the time of hepatic encephalopathy diagnosis (or within

30-days).

Hospital-days and readmissions were evaluated in negative binomial models and
presented a$ the'incidence per person-years and incidence rate ratios with 95% confidence
intervals (CI). As the number of 30-day readmissions was left-skewed (clustered around zero),
we used a zero-inflated negative binomial model. The difference in separation of survival curves
was evaluated using the Log-Rank test. In all cases, the p-values presented were 2-tailed with a
<0.05 threshold-for significance. All analyses were performed using R and SAS (SAS Institute
Inc., Cary, NC, USA).

Results

Demographicstand Clinical Characteristics of the Medicare Cohort

Of the 49,164 (26.4%) patients diagnosed with hepatic encephalopathy, 50% had alcohol-
related cirrhosis.and 38% had HCV (including some with alcohol-related cirrhosis). At the time
of hepatic eneephalopathy diagnosis, 43% had ascites (13% required paracentesis), 21% had
varices, and"7% had hepatocellular carcinoma (HCC). Overall, 49% had received
gastroenterology consultation prior to hepatic encephalopathy diagnosis (rising to 67% by the
end of follow-up). Overall, 1620 persons had transjugular intrahepatic portosystemic shunts, 704

of whom received it prior to diagnosis of hepatic encephalopathy. Once hepatic encephalopathy
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was diagnosed, 28,445 (57.8%) received lactulose and 9,615 (19.6%) received rifaximin for at
least 90-days (31.2% received <90d-days of either therapy). Of those who received prescriptions,
the number of fills per person-year was 3.95+6.89 and 3.83+6.75 for lactulose and rifaximin

respectively.

Mortality.Aftersthe Diagnosis of Hepatic Encephalopathy

Overall, 1-year survival was 48.3% (median survival 0.92 years), including 58% (median
1.4 years) for persons with hepatic encephalopathy defined by medications alone and 44.0%
(median 0.76 years) for those with 572.2 ICD-9 codes. Multiple clinical factors were associated
with survival after HE. Age was a major determinant.(Supplementary Figure 3) For persons
with cirrhosis aged >65 years, the median survival overall was 0.95 years compared to 2.5 years
for those <63syears old at the time of hepatic encephalopathy (p<0.001). The sequence of
decompensatienswas also important. The median survival was 1.1 years for those with ascites at
the time of incident hepatic encephalopathy compared to 3.9 years for those without ascites
(p<0.001). For the 704 patients who developed hepatic encephalopathy after tranjugular
portosystemiesshunt placement, median survival was 0.88 years; it was 1.57 years for the 916
patients with transjugular intrahepatic portosystemic after hepatic encephalopathy (including a
median of 0.41 years between hepatic encephalopathy development and shunt placement). Only

2.0% of patients.underwent liver transplantation.

In Table 2, we present a multivariable cox model for survival. The risk of death after
hepatic encephalepathy increased with age, male sex, non-alcohol, non-viral-related cirrhosis,
comorbiditiessineluding endstage renal disease, and other cirrhosis complications.
Gastroenterology/hepatology consultation and rifaximin utilization were associated with a lower
risk of death, with respective adjusted hazard ratios of 0.73 95%CI(0.67, 0.80) and 0.40
95%CI(0.39, 0.42). Figure 1 details how gastroenterology consultation and rifaximin use are
inversely'associated with mortality across multiple analytic strategies: when hepatic
encephalopathy i1s first diagnosed as an inpatient, when the cohort is restricted to persons with 1
year of follow-up prior to hepatic encephalopathy diagnosis, and in both the landmark and
competing-risk analysis (which are further described with the effect estimates for all covariates

in Supplementary Tables 2-4).
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To further explore the effect of gastroenterology/hepatology consultation, we examined
the impact of HCV therapy on hepatic encephalopathy outcomes. Overall, 2200 (12%) of the
patients with HCV underwent therapy, 1041 of whom received direct-acting antivirals. Among
patients with HCV, median survival was 1.13 years, 2.10 years, and 2.12 years for patients

receiving no_therapy, direct acting antiviral, and interferon-based therapy.
Hospital Utilization After the Diagnosis of Hepatic Encephalopathy

Patients.with hepatic encephalopathy were hospitalized for a median of 11.8 days
(IQR2.9-38.0) pet person-year. Table 2 provides the adjusted risk of hospitalization by clinical
covariate for patients after a diagnosis of hepatic encephalopathy. Notably, comorbid ascites was
associated with the greatest burden of hospital utilization, incidence rate ratio (IRR) 1.86
95%CI(1.79-1.93). Overall, older age, number of comorbidities (including endstage renal
disease), hepatitis C, and transjugular intrahepatic portosystemic shunt were all associated with
more hospital-days per person-year. Gastroenterology/hepatology consultation was not
associated with.areduction adjusted risk for hospital utilization but rifaximin use was, IRR 0.35

95%CI(0.33,,0.37).

In Figure 2, we show how rifaximin and gastroenterology consultation were associated
hospital utilization during multiple sensitivity analyses. First, we restricted the cohort to those
whose hepatic encephalopathy was first diagnosed as inpatients; gastroenterology consultation
with a modest.inerease in overall hospital-days while rifaximin co-therapy is still associated with
fewer hospital-days when hepatic encephalopathy is first diagnosed as an inpatient, IRR 0.80
95%CI(0.76-0-84). Second, similar results were observed when the cohort was restricted to those
with >1-year follow-up prior to hepatic encephalopathy diagnosis. Third, we also evaluated the
frequency of 30-day readmissions per person-year. Both gastroenterology consultation and
rifaximin useswere associated with lower all-cause 30-day readmissions, respective IRR 0.71
95%CI1(0.57=0:88) and 0.18 95%CI(0.08-0.40). Finally, we examined the impact of various
combinations of hepatic encephalopathy therapy on hospital-days. We set as the reference the
many patients did not receive more than 90-days of hepatic encephalopathy-therapy. Relative to
‘no therapy’, persons receiving lactulose-alone had a markedly lower IRR for hospital-days per

person-year than those receiving rifaximin-alone, respective IRR 0.31 95%CI1(0.30-0.32) and
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0.49 95%CI(0.45-0.53). The relative IRR associated with combination lactulose and rfiaximin
was IRR 0.28 95%CI1(0.27-0.30).

External cohort of privately insured patients with Hepatic Encephalopathy

In a:cohortsof 2,184 patients with hepatic encephalopathy and an average age of 61,
MELD-Na of 12, and albumin of 3.1, we found similar demographics, clinical factors and
associations with mortality and hospital-utilization.(Table 3) The cumulative incidence of death
(accounting for competing risks) at 1,2, and 3 years was 0.19 (0.18-0.21), 0.29 (0.27-0.32), and
0.44 (0.40-0748).7°As shown in Supplementary Table 5, the risk of death was highest for patients
>65 years old and those with pre-existing ascites. Gastroenterology consultation was much more
common (85% prior to hepatic encephalopathy and 90% during follow up) and was not
statistically asseeciated with mortality or utilization, irrespective of whether it occurred during the
index hospitalization for hepatic encephalopathy. However, rifaximin use was associated with

reduced mortality sHR 0.40 (0.39-0.42) and hospital-days IRR 0.35 (0.33-0.37).

Discussion

Hepatieencephalopathy is a watershed moment in the patient’s experience of chronic
liver disease, after which the risk of hospitalization and death sharply rises.!® 3% 3% To evaluate
the natural history and outcomes following the development of hepatic encephalopathy, we
examined aslargessample (>49,000 Medicare-enrollees with hepatic encephalopathy) with long-
term follow=up-and detailed patient-level characteristics for time-varying risk-adjustment. We
also validated’our findings in a second cohort of >2,000 privately-insured patients. These data

extend our undesstanding of the natural history of hepatic encephalopathy in multiple ways.

Survival After Hepatic Encephalopathy for Contemporary Patients
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Survival is diminished following the development of hepatic encephalopathy with a
median survival of 0.92 years. Further, we found that while comorbidities and disease severity
impact survival as expected. Non-alcohol, non-viral (mostly NAFLD) cirrhosis also increases the
risk of death, adjusted HR 1.07 95%CI(1.02, 1.12). In the privately insured cohort where
biochemical measures were available, only MELD-Na, albumin and HCC were associated with
mortality. This study builds on prior estimates of survival after decompensation with hepatic
encephalopathy, overt or covert, all drawn from the referral setting. For example, Bustamante et
al reported 43% Survival at 1-year in a cohort of younger persons (none with NAFLD), while
Ampuero and Bajaj both demonstrated a higher risk of death or transplantation in persons with
covert hepatic encephalopathy.! 4%- 4! In contrast, our study examines two population-based
cohorts hundreds-fold larger with both variable exposure to subspecialist consultation and

differences in the supportive care provided.
Interventions associated with survival after Hepatic Encephalopathy

Following the development of hepatic encephalopathy, few interventions beyond liver
transplantation are associated with improved survival. For reasons thought to be related to
improved quality of care, prior studies have found an association with improved survival after
gastroenteroleg¥y consultation for all-comers with chronic liver disease seen in the Veterans
Affairs.*>* However, fewer than 10% of the patients in these studies had cirrhosis. Further, the
impact of sabspecialist involvement on patients with hepatic encephalopathy was not
evaluated.*> #.We extend the association of gastroenterology in hepatic encephalopathy
volvement with improved survival to a cohort of patients with hepatic encephalopathy with an
adjusted hazard ratio of 0.73, 95%CI(0.67-0.80). This association may be mediated by adherence
to quality'metries’(such as cancer or varices screening),>* HCV therapy,* referral for

transplantation, and use of guideline-concordant therapies for hepatic encephalopathy.

Wealsorshow that rifaximin use is associated with improved survival. Rifaxmin reduces
the risk of hospitalization for persons with hepatic encephalopathy.?> 33 Hospitalization itself is
independently associated with mortality.*> Hospitalization is associated with progressive debility
and nosocomial complications making plausible the association between improved outcomes and
interventions that safely avoid re-hospitalization. Our study identifies a possible mortality benefit

for rifaximin, adjusting for disease severity and gastroenterology consultation. This effect is also
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observed in our validation cohort where we could adjust for disease severity using laboratory
data (ie. MELD-Na). This effect is also robust to multiple analytic strategies to address biases
due to competing-risks (with transplant) and immortal-time. Prior studies have suggested that
rifaximin carries a mortality benefit.?>-” Most recently Salehi et al showed that rifaximin was
associated with,decreased bleeding and infections in addition to reduced episodes in cohort of
101 transplant-waitlisted persons with hepatic encephalopathy.?® Our data extends these findings
in a cohotrt hundreds-fold larger with variable exposure to subspecialty consultation while

reinforcing thatfifaximin monotherapy is inadequate.
Hospital-Dayssafter Hepatic Encephalopathy

Hepatic encephalopathy is the most potent risk factor for repeated hospitalization for
patients with cirrhosis.!” These data extend current knowledge both by highlighting the
subgroups at highest risk and tools needed to curb hospitalization risk. We show that older
persons with alcohol-related liver disease, transjugular intrahepatic portosystemic shunts, and

multiple comorbidities are at higher risk of hospitalization.

Receipt of appropriate hepatic encephalopathy therapy is crucial. Unfortunately, these
data highlightsgaps in medical therapy for persons with hepatic encephalopathy. As recently
shown byBajaj, many persons with hepatic encephalopathy are often not even prescribed
lactulose after hospitalization for hepatic encephalopathy.*® We too find that many do not receive
lactulose. Laetulose therapy is associated with reduced hospital-days — IRR 0.31 95%CI(0.30-
0.32). Accordingly, efforts to optimize care begin with lactulose prescription. Conversely,
rifaximin monétherapy is common. It appears to be substantially less effective than lactulose
monotherapy at preventing hospitalization. Conversely, adjusting for lactulose use, those who
receive rifaximinico-therapy are at lower risk of hospitalization — IRR 0.35 95%CI(0.33, 0.37).
We also found-that both gastroenterology consultation and rifaximin use were associated with
lower all-causes30-day readmissions per person-year, respective IRR 0.71 95%CI(0.57-0.88) and
0.18 95%CI(0.08-0.40). These data confirm the effects of rifaximin co-therapy on healthcare
utilization observed in prior randomized and prospective trials and extend these associations to

the level of population-based data.?? 33
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Optimal Care for Persons with Hepatic Encephalopathy

In sum, our findings consolidate findings from prior studies that speak to the nature of
optimal care for patients at high risk of death and repeated hospitalization. In a landmark trial,
Morando+et alsshowed that the risk of both death and readmission can be improved with a care
co-ordinatign program.*’ Their multipronged intervention involved readily available
gastroenterology consultation, testing for and treatment of cognitive dysfunction (i.e. with
optimization of lactulose and/or addition of rifaximin), testing for and treatment of alcohol-use
disorder, and on=demand procedures such as paracentesis.*’ In contrast to this ideal, echoing the
findings of prier'studies,*>*® we find that only half (49%) of persons with cirrhosis are
evaluated by a gastroenterologist prior to the development of hepatic encephalopathy. Access
and referral to gastroenterologists is therefore a key target in the improvement of clinical
outcomes and.overall healthcare utilization for persons with cirrhosis. Patients who see
gastroenterglogists are more likely to receive optimal therapy with lactulose and rifaximin,?*
receive HCV'therapy,** and timely referral for transplant evaluation. Finally, these data confirm
the necessity of continuing lactulose after discharge for hepatic encephalopathy and suggest a
role for rifaximin co-therapy for hepatic encephalopathy as part of best practice, particularly for

those hospitalized with hepatic encephalopathy or at high-risk for re-hospitalization.

Contextual Factors

Our findings must be interpreted in the context of the study design. First, laboratory
results were.net:available to calculate Model for Endstage Liver Disease scores in the Medicare
cohort. Hewevermwith laboratory data in the privately insured cohort, there was limited
difference’in‘the"direction of effect. Second, we could not determine which patients with alcohol-
related disease were actively drinking. Third, we have neither access to the staging of hepatic
encephalopathy at diagnosis nor the results of any cognitive testing (if it was performed) and
thereforelit was possible that many patients had earlier stages of hepatic encephalopathy (i.e.
covert hepatic encephalopathy). However, we noticed no difference outcomes for persons on the
basis of inpatient versus outpatient diagnosis, suggesting that hepatic encephalopathy was a
negative prognostic development irrespective of stage. Fourth, although we have prescription

fill-rates, we cannot speak to medication adherence. However, it is notable that even suboptimal
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fill-rates, combination lactulose and rifaximin use was associated with improved outcomes. Fifth,
although gastroenterology consultation would be expected to reflect sicker patients (confounding
by indication), it was associated with lower risk of death and hospitalization lending credence to
a true effect. Subspecialty consultation access is complex and likely related to multiple
unmeasured faetors. Given the proportion with access in the private insurance cohort (90%), we

could not meaningfully validate this finding outside Medicare.

Conclusion

Hepati¢ encephalopathy is common and morbid. These data provide the data necessary to
inform contemporary patients of their prognosis and suggest a role for interventions that are
linked to improved survival and reduced hospitalization. Efforts to expand and co-ordinate
access to expertseonsultation, reinforce lactulose use after discharge, and reduce the cost-barrier

of rifaximin maysbe warranted to improve outcomes for the population with cirrhosis.
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Table 1: Baseline Characteristics of Study Cohort

Clinical Characteristics at the time

of Hepatic Encephalopathy

Patients with Hepatic
Encephalopathy

Diagnosis (N=49,164)
Age, median (IQR) 63 (55,71)
Sex, male, n (%) 27,515 (56)
White Race, n (%) 38,076 (78)
Medicaid co-insurance, n (%) 15,293(31)
Urban, n (%) 39,827 (81)
Charlson Index

0 17,259 (35)
1 17,714 (36)
2 10,462 (21)
>3 3,324 (7)
Endstage Renal Disease, n (%) 1,828 (4)
Disabled, n (%) 22,259 (46)
Cirrhosis etiology, n (%)

Alcohol 24,183 (50)
Hepatitis C 18,352 (38)
Non-alcohol, non-viral 15,048 (31)
Hepatitis B 2,589 (5)
Ascites, n(%) 20,771 (43)
Paracentesis, n(%) 6,474 (13)
Varices, n(%) 10,297 (21)
Transjugular intrahepatic 704 (1)
portosystemic shunt, n(%)
Hepatocellular Carcinoma, n(%) 3,361 (7)
Gastroenterology consult, n(%) 24,090 (49)
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Table 2: Adjusted Outcomes after a Diagnosis of Hepatic Encephalopathy in a Cohort of

Medicare'Enrollees

Baselin€ Variable

Age (per year)

Male

Endstage Renal Disease
Urban

Race (relativesto White)
Black

Other

Cirrhosis Etiology
Alcohol

Hepatitis'C

Hepatitis B
Non-alcohol, Non-viral

cirrhosis

Time Varying:Covariates

Gastroenterology Consult
Rifaximin

Ascites

Varices

Transjugulas intrahepatic

portosystemic shunt

Hepatocellular Carcinoma

Charlson Comorbidity Index (CCI; relative to CCI 0)

Death
Adjusted HR
95% CI)

1.02 (1.02, 1.03)
1.21 (1.19, 1.24)
1.08 (1.01, 1.14)
1.01 (0.98, 1.04)

1.00 (0.96, 1.04)
0.90 (0.87, 0.94)

0.82 (0.79, 0.85)
0.87 (0.85, 0.90)
1.19 (0.88, 1.61)
1.07 (1.02, 1.12)

0.73 (0.67, 0.80)
0.40 (0.39, 0.42)
4.20 (4.08, 4.32)
1.03 (1.00, 1.06)
1.15 (1.08, 1.23)

2.27 (2,19, 2.34)

P-Value

<0.001
<0.001
0.015
0.707

0.960
<0.001

<0.001
<0.001
0.980
0.004

<0.001
<0.001
<0.001

0.029
<0.001

<0.001
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Hospital days
Adjusted IRR
(95%CI)

1.01 (1.01, 1.01)
1.03 (0.99, 1.06)
1.15 (1.06, 1.25)
1.04 (1.00, 1.09)

1.17 (1.10, 1.23)
0.97 (0.92, 1.03)

1.01 (0.94, 1.09)
1.20 (1.15, 1.25)
0.79 (0.75, 0.83)
0.98 (0.93, 1.03)

1.07 (1.00, 1.14)
0.35 (0.33, 0.37)
1.86 (1.79, 1.93)
0.77 (0.74, 0.80)
1.14 (1.05, 1.24)

0.95 (0.91, 1.00)

P-Value

<0.001
0.116
<0.001
0.063

<0.001
0.353

0.692
<0.001
<0.001

0.427

0.056
<0.001
<0.001
<0.001

0.002

0.057




CCI=1 1.20 (1.17, 1.24)
CCI=2 1.26 (1.22, 1.30)
CCI=>3 1.42 (1.35, 1.48)

<0.001
<0.001
<0.001

1.17 (1.13, 1.22)
1.28 (1.23, 1.34)
1.33 (1.24, 1.42)

<0.001

<0.001
<0.001

All estimates are adjusted for the variables presented in the table. HR = hazard ratio, IRR = incidence rate

ratio. Non-alcehelic, non-viral = patients with cirrhosis codes but without any codes for alcohol-related

diseases or viral hepatitis or autoimmune hepatitis.
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Table 3: Adjust Outcomes after Hepatic Encephalopathy in a Cohort of 2,184 Privately Insured

Persons with Cirrhosis

H Baseline
Baseline Variable
n Value
Age (per }* 61 +14
H I
Male s 1334 (57%)
White Ra(r(VWthers) 1460 (62%)
Cirrhosisng ‘
N

1208 (51%)

Alcohol ‘U)

Diabetes rﬂ 1264 (54%)
Hepatitis Bows 199 (8%)
Hepatitis E 1004 (43%)
Morbid obﬁ'=ﬁ 344 (15%)
Gastroent&)u 1998 (85%

Consul(
Lactuloseﬁ—

863 (37%)

Rifaximin 492 (21%)
Ascites s 887 (38%)
Variceal bm 169 (7%)
TransjugulMepatic

59 (3%)
portosystercc shunt
Hepato ul

255 (11%)

Carcinomh

CCI=2 / 356 (15%)
CCI=23\ 1864 (79%)
MELD-Na 14£12
Albumin g/dL 33+33
Platelet count 147 + 122

Death
Adjusted sHR P-
(95% CI) Value

Charlson Widity Index (CCI; relative to CCI 1)

1.03 (1.02-1.04) <0.001
1.13 (0.94-1.36) 0.183
0.97 (0.81-1.15) 0.183
0.85 (0.71-1.01) 0.069
0.88 (0.74-1.06) 0.189
0.75 (0.54-1.04) 0.086
0.86 (0.71-1.04) 0.114
0.86 (0.66-1.12) 0.266
1.23 (0.94-1.61) 0.127
0.43 (0.36-0.52) <0.001
0.58 (0.46-0.72) <0.001
1.15 (0.95-1.39) 0.165
0.96 (0.67-1.37) 0.812
1.03 (0.65-1.61) 0913
1.7 (1.31-2.20) <0.001
1.46 (0.91-2.35) 0.117
1.1 (0.8-1.50) 0.06
1.05 (1.04-1.07) <0.001
0.71 (0.61-0.83) <0.001
1 (1.00-1.002) 0.011

Hospital days
Adjusted IRR
(95%CI)
1(0.99-1.01)
0.96 (0.84-1.11)

1.07 (0.93-1.23)

0.9 (0.78-1.04)
1.15 (0.99-1.35)
0.91 (0.71-1.16)
0.91 (0.79-1.06)

1.19 (0.98-1.44)
1.11 (0.92-1.34)

0.4 (0.38-0.5)
0.56 (0.47-0.66)
1.13 (0.98-1.3)

0.8 (0.61-1.04)

1.41 (0.92-2.17)

1.49 (1.2-1.86)

0.77 (0.56-1.08)
0.94 (0.66-1.34)
1.05 (1.03-1.06)
0.83 (0.74-0.93)

1.002 (1.001-1.003)

P-
Value
0.963
0.608

0.364

0.139
0.068
0.434
0.231

0.076

0.266

<0.001
<0.001
0.091

0.096

0.115

<0.001

0.128
0.736
<0.001
0.001

<0.001
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MELD-Na (Model for Endstage Liver Disease — Sodium), TIPS =. sHR = subhazard distribution ratio

(accounts for the competing risk of death)

Figure Legends

Figure 1. The Effect of Gastroenterology Consultation and Rifaximin Utilization On Mortality
The effect on'mortality of gastroenterology consultation and rifaximin use are modeled for the
subset of patients who were first diagnosed with hepatic encephalopathy as inpatients, in persons
with 1 yearsof-‘washout’ after enrolling in hepatic encephalopathy without recorded hepatic
encephalopathyy@s well as after a landmark analysis to extinguish the risk of immortal-time bias
and an analysis accounting for the competing-risk of liver transplantation (the effect estimate in

this case is a sub-hazard distribution ratio). HE = hepatic encephalopathy

Figure 2: The'Effect of Gastroenterology Consultation and Rifaximin Utilization On Healthcare

Utilization:After Hepatic Encephalopathy

The effect onshespitalization associated with both gastroenterology consultation and rifaximin
use. Gastroenterology consultation is associated with fewer 30-day readmissions but a higher
number of hospital-days in the cohort after an hepatic encephalopathy-discharge as well the
cohort with'1 year of ‘washout’. Rifaximin, by contrast is associated with fewer hospitalizations

in each analysis. HE = hepatic encephalopathy
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