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Summary:

Background: Hepatic encephalopathy (HE) can adversely affect outcomes in both inpatients and
outpatients with cirrhosis.

Aim: Define targets for improving quality of care in HE management in the multi-center North
American Consortium for End-Stage Liver Disease (NACSELD) cohort.

Method: NACSELD inpatient cohort was analyzed for (a) medication-associated precipitants (b)
aspiration pneumonia development (c) HE medication changes and (d) 90-day HE recurrence/
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readmissions. Comparisons were made between patients on no-therapy, lactulose only, rifaximin
only or both. 90-day HE-readmission analysis was adjusted for MELD score.

Results: 2810 patients (1102 no-therapy, 659 lactulose, 154 rifaximin, 859 both) were included.
HE on admission, and HE rates during hospitalization were highest in those on lactulose only or
dual therapy compared to no-therapy or rifaximin only (p<0.001). Medications were the most
prevalent precipitants (32%; 21% lactulose over/underuse, 5% benzodiazepines, 4% opioids, 1%
rifaximin underuse, 1% hypnotics). Patients with medication-associated precipitants had a better
prognosis compared to other precipitants. 23%(n=217) reached grade 3/4 HE, of which 16%
developed HE-related aspiration pneumonia. 2420 patients were discharged alive without liver
transplant (790 no-therapy, 639 lactulose, 136 rifaximin, 855 both); 12.5%(n=99) of no-therapy
patients did not receive a discharge HE therapy renewal. 90-day HE-related readmissions were
seen in 16% of patients (9% no-therapy, 9% rifaximin only, lactulose only 18%, dual 21%,
<0.001), which persisted despite MELD adjustment (p=0.009).

Conclusion: Several targets to improve HE management were identified in a large cohort of
hospitalized cirrhotic patients. Interventions to decrease medication-precipitated HE, prevention of
aspiration pneumonia, and optimization of HE medications are warranted.

Keywords

Quality improvement; aspiration pneumonia; readmissions; precipitating factors

Introduction:

Hepatic encephalopathy (HE), is one of the leading causes of readmissions and healthcare
expenditure in patients with cirrhosis in North Americal=3. The expenditure and hospital
discharges related to HE has been rising relentlessly over time* °. In addition to the disease-
related expenditure, patients with HE also pose a major socio-economic burden on their
caregivers® 7. HE remains an independent predictor of inpatient mortality in cirrhosis and
several HE precipitating factors could be related to medications8-11, Furthermore, at hospital
discharge, patients may not receive appropriate prescriptions or counseling regarding the
prevention of HE recurrencel?-14. Therefore, there may be potential to improve the quality
of inpatient and post-hospital discharge HE management!®. The NACSELD (North
American Consortium for the Study of End-Stage Liver Disease) patient cohort was
generated from a 14-center hepatology consortium that prospectively recruited inpatients
with cirrhosis and followed them for up to 90 days post-discharge?.

The aim of the study was to use the NACSELD cohort to identify potential areas of quality
improvement in: 1) the inpatient management of patients with cirrhosis admitted for or who
develop HE during hospitalization and 2) their transition to the outpatient setting.

Materials and Methods:

NACSELD prospectively enrolled patients with cirrhosis who were hospitalized for non-
elective reasons in 14 centers across North America from April 2013 through February
2017. Cirrhosis was confirmed by liver biopsy, signs of decompensation or endoscopic/
radiological evidence of portal hypertension in patients with chronic liver disease. All
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patients gave written informed consent. We excluded patients who were unable to consent,
had an unclear diagnosis of cirrhosis, were HIV positive or had a prior organ transplant.
After consent, patients were followed daily until discharge and subsequently for 90 days
post-discharge to determine outcomes such as readmissions, transplant or death. Data
collected prospectively at admission included demographics, reason for admission, prior
admissions, concomitant medications and cirrhosis-related details.

For this study, we focused on data pertaining to HE quality of care in four specific areas: (a)
HE admissions with medication related issues as precipitating factors, (b) aspiration
pneumonia in patients with HE, (c) resumption/initiation of appropriate therapies for
prevention of HE recurrence upon discharge and (d) readmissions for HE and their
relationship with medication use.

Medication-related HE precipitating factors were defined as one or more of the following (a)
non-adherence to HE-related medications such as lactulose or rifaximin, (b) overuse of HE-
related medications, (c) opioids, (d) hypnotics (diphenhydramine and zolpidem), (e)
benzodiazepines and (f) other psychoactive medications. Non-adherence or underuse was
defined as not taking the medications in the prescribed manner and dose for at least 3 weeks
prior to the hospitalization. Diarrhea leading to dehydration with >4 daily bowel
movements/day was defined as lactulose overuse provided other causes of diarrhea were
ruled out. Precipitating factors related to opioids, benzodiazepines and hypnotics were based
on the PI’s interpretation of the use of these medications vis-a-vis the HE episode.

The relative proportion of medication-associated HE was assessed with respect to other
precipitating factors. We analyzed precipitating factors with medication-unrelated,
medication-related only and those with medication-related plus another precipitating factor.

Precipitating factors were divided into those determined by each local P1 as related to
infection, , renal insufficiency, hyponatremia, or gastrointestinal bleeding. Precipitating
factors were a priori defined and categorized when the NACSELD protocol was created, and
occurred before the publication of the AASLD/EASL practice guidelines?3.

HE was defined as overt HE according to the clinically accepted West-Haven criteria based
on the Pl assessment (Grade Il and beyond)13: 17, We studied patients who were on
individual HE therapies on admission, which in North America are lactulose and rifaximin.
We compared admission laboratory values, HE details and hospital course between groups
based on HE therapies on admission. Specifically, for the HE details we studied the
precipitating factors, grades of HE at admission and the maximum HE grade. The hospital
course was studied with respect to length of stay (LOS), individual organ failures as defined
by NACSELD, rate of ICU transfer, and rate of NACSELD-ACLF occurrence between the
groups1.

While following the inpatient HE course, we also focused on the management of patients
admitted with or those who developed grade 3/4 HE. Aspiration pneumonia was defined as
radiological evidence of lower lobe infiltrates or pneumonitis. The occurrence of aspiration
in these patients was recorded vis-a-vis its temporal relationship, where it occurred (the
regular ward or in stepdown/ICU) and the consequences of this aspiration. Furthermore, the
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initiation and withdrawal of HE-specific therapies were recorded during each patient’s
hospital admission.

Finally, transplant free survivers were followed for 90 days after discharge for all
readmissions, with specific focus on HE-related readmissions; the cause of readmission was
determined by the local PIl. Groups were divided on the basis of HE therapy used at
discharge and their readmission rates were compared. In order to account for the impact of
cirrhosis severity on HE-related readmission, a binary logistic ANCOVA model studying HE
therapy and discharge MELD was performed.

The protocol was approved by the IRBs at all participating centers.

Index admission:

HE details: We included 2810 patients in this analysis, of whom 1708 were on HE therapy
at admission; specifically 695 were on lactulose alone, 154 were on rifaximin alone and 859
were on dual therapy. Compared to patients who were not taking any HE related
medications, those on HE therapy had more advanced liver disease as measured by MELD
score and more prior hepatic complications as they had higher prevalence of PPI use,
nonselective beta-blockers use and SBP prophylaxis and a greater likelihood of past
hospitalizations. Furthermore, patients on HE therapies were more likely to be admitted with
infections. 460 patients’ primary indication for admission was HE, of which 83 were on no
therapy, 137 were on lactulose only, 15 on rifaximin only and 225 were on dual therapy. In
all comers, the rate of HE on admission was significantly higher in patients on lactulose
alone and those on dual therapy compared to those on rifaximin alone or those not being
treated for HE prior to admission (p<0.001, table 1).

A further 453 patients diagnosed with HE during their index hospital stay, yielding a total of
913 patients with HE. Of these 189 were on no treatment, 282 were on lactulose only, 38 on
rifaximin only, 404 were on dual therapy prior to admission. The proportion of patients
developing HE during the hospitalization was also significantly higher in patients on
lactulose and lactulose+rifaximin compared to those on rifaximin alone and those on no
therapy (Table 1). Regardless of the HE-therapy status on admission, the initial HE grade
distribution was similar between groups. However, reaching a maximum grade 3/4 HE,
defined as brain failure according to NACSELD, was significantly higher in patients on
lactulose+rifaximin compared to patients on rifaximin alone (p=0.02), patients on lactulose
alone (p=0.04) and those admitted without any HE therapy (p<0.001 using Chi-square tests).
The incidence of circulatory and respiratory failures was similar between groups, while the
incidence of renal failure was higher in patients requiring therapy for HE pre-admission with
rifaximin alone or dual therapy. The type of HE therapy did not affect the rates of
development of NACSELD-ACLF.

LOS was highest in those admitted on lactulose monotherapy compared to the rest of the
groups. 30-day mortality was higher in patients on any prior HE therapy, but in-hospital
transplant was highest in those on both rifaximin and lactulose.
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Precipitating factors: When all HE episodes were studied, the major precipitating factors
were medication-related (32%) followed by acute kidney injury (18%), infections (17%),
hyponatremia (16%) and other (17%). Of the 244 medication-related HE episodes, 146
(60%) had purely a medication-related factor, while the remaining 98 (40%) also had
another precipitating factor. The majority of medication-related precipitants were lactulose
non-adherence 20%, lactulose overuse 1%, rifaximin underuse in 3%, opioids 4%,
benzodiazepines 5% and hypnotics 1% of the entire group.

The lactulose only group had the highest rate of non-adherence to HE medications followed
by the other two HE-treatment groups. A similar pattern was seen for all medication-related
precipitating factors and hyponatremia. Infections were significantly more frequent as
precipitating factors in patients not admitted on HE therapy. This group, along with those on
lactulose alone, also had a higher rate of renal dysfunction and Gl bleeding as precipitating
factors compared to those treated with rifaximin monotherapy.

When we compared patients with HE due to any medication-related precipitant compared to
other precipitating factors (Table 2), important differences emerged. Patients with
medication related HE had a greater proportion with HE as the cause of admission, lower
likelihood of infections on admission and less frequent PPI use. These patients were also
more likely be on lactulose alone compared to those with medication-unrelated precipitants.
On the other hand, those admitted with medication-unrelated causes of HE had higher
MELD scores and more frequently met SIRS criteria on admission than those admitted with
medication-associated factors. This culminated in a longer LOS, higher rate of ICU transfer,
more frequent diagnosis of NACSELD-ACLF, and a higher rate of mortality and liver
transplant in this group compared to those with medication-related precipitating factors.
When the 146 patients with medication-only precipitants were compared to the 98 patients
had medication plus another precipitating factor (supplementary table 1), those with more
than one precipitating factor had a lower serum albumin and sodium and had a worse
prognosis overall.

Overall inpatient course and changes in medications:

During the hospital course, 281 patients died and 109 patients were transplanted.

Details of the medication changes during the hospitalization course vis-a-vis admission
medications and discharge medications are shown in figure 1 with details in supplementary
figure 1.

Continuation of HE therapy: A majority (81%) of these continued their pre-admission
pattern of therapy at discharge (Figure 1 and Supplementary figure 1).

Addition of HE therapy: HE therapy was initiated in 311 patients (n=177 lactulose only,
n=114, both and n=20 rifaximin only) during hospitalization. Of the 855 patients on dual
therapy at discharge, 176 were started on dual therapy during the hospitalization. Of these,
114 had lactulose and rifaximin started together during the hospitalization, while 62 patients
had rifaximin added to their pre-admission lactulose. None of the patients with dual therapy
were changed to single therapy for HE at discharge. Withdrawal or lack of renewal of HE
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therapy: Of the 790 patients who were discharged without HE therapy, 4%(n=99) were
patients whose HE recurrence prevention therapy should have been resumed at discharge but
was not.

Management of grade 3/4 HE:

217 (23% of the total HE patients) patients were admitted with or developed grade 3 or 4 HE
during their index hospitalization; only 67 of whom were intubated for HE. 34 (16% of 217)
of these patients developed HE-related aspiration pneumonia, 14 of whom were on the
regular wards and the remainder were admitted to an ICU without intubation. Of the 67
patients who were intubated, 60% had grade 3 while 40% had grade 4 HE. This aspiration
pneumonia, according to the P1’s judgement, could have been prevented by faster transfer to
the ICU (n=13), earlier intubation (n=11) and changing the route of lactulose administration
from oral to enema (n=10).

90-day outcomes:

We followed the patients who were discharged alive without transplant for 90 days. Of these,
790 were discharged without HE therapy, 639 on lactulose only, 136 on rifaximin only and
855 patients on dual therapy. At 90 days, readmissions among the entire discharge cohort of
2420 patients cohort occurred in 991 (41%) of these patients. The leading causes of
readmissions were HE (16%), infection (10%), Gl bleeding (8%) and renal/metabolic (8%)
followed by others. The discharge MELD scores in all patients were lowest in those not on
HE therapy (16.0+6.4) compared to the rest (lactulose only 17.6+6.7, rifaximin only
18.6+6.3 and lactulose+rifaximin 19.4+6.9, p<0.0001). However, when we compared the
discharge MELD scores of patients in from this cohort from those who ultimately were
readmitted there were no significant differences (No HE therapy 17.9+6.9, lactulose only
18.246.2, rifaximin only 19.1+5.9, lactulose+rifaximin 19.6+6.6, p=0.07).

The readmission rate, as expected, was lowest in those without HE therapy at discharge
(34%, p=0.001) compared to the rest with HE therapy (lactulose only 43%, rifaximin only
42% and both 44%). However, the HE-related readmissions in the no-therapy and rifaximin
only group (both 9%, figure 2) were significantly lower compared to lactulose only 18% vs
both, 21%). To analyze the impact of MELD and HE therapy we fit a binary logistic
ANCOVA model for patients who were readmitted at 90 days with HE compared to the
other causes of readmission, and the predictors are HE discharge medication group and
discharge MELD score, the overall group effect was still significant (p = 0.009)
demonstrating that these medication changes were predictive despite the MELD score.

This potential decrease in HE also extended to the readmission course itself, where a total of
36% of all readmitted patients had HE during their course. The lowest rate of HE
development was in the no-HE therapy group but within those who were readmitted on HE
therapy, rifaximin only patients had the lowest rate of HE development compared to
lactulose only or those on both therapies (Figure 2).
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Discussion:

Hepatic encephalopathy represents a major burden on the healthcare system and quality
improvement is needed to potentially improve the outcomes of affected patients® 18. 19 |n
our large cohort, we determined that there was potential for improvement in controlling
medication-related precipitating factors, preventing aspiration pneumonia, and preventing
readmissions by resuming and continuing appropriate HE medications on discharge.

The inpatient management of HE involves exclusion of other causes of altered mental status,
initiation of empiric therapy, care of the unconscious patient, and identification and
correction of precipitating factors!3: 14, |dentification of precipitating factors is paramount
since their successful correction can reduce the progression of HE and potentially other
organ failures® 9. We found that HE-related medications, but also opioids, benzodiazepines
and other psychoactive drugs were associated as major precipitants either alone or with other
factors20. Medications can affect HE by modulating gut microbiota, altering
neurotransmitters, affecting electrolyte levels and potentially lowering the threshold for
mental status changes in response to other precipitants?. In the case of lactulose, over and
underuse could precipitant HE. On the other hand, overuse of other medications such as
opioids, benzodiazepines and hypnotics could precipitate HE. The contributions of these
medications have been described but we extend them to a larger group of patients across
multiple sites in North America?-23, Patients with HE precipitants unrelated to medications
had a worse prognosis in terms of death, organ failure and transplant. This risk was lower if
there was any medication involved as a precipitant and lowest if medications were the sole
precipitants. These findings are likely because the major medication-associated precipitating
factor was lactulose non-adherence, which is associated with a faster recovery time
compared to other precipitants!L. In addition to lactulose non-adherence, 1% of patients had
HE due to lactulose overuse likely related to dehydration or alterations in electrolytes?4. In
addition, 3% had HE due to failure of rifaximin use. While the reasons for not taking
rifaximin are unclear, its cost and potential reimbursement challenges could be relevant2.
Even in patients presenting with HE who were not on HE medications on admission, 7%
were judged to have HE due to medication non-adherence. This indicates that this subgroup
was not adhering to previously prescribed HE medications. The data ultimately indicate that
HE therapy monitoring is a continuous process that should not stop once the patient is
discharged?®.

One-tenth of HE cases were judged to be related to benzodiazepines, opioids and hypnotics.
These medications have varying effects on sensorium even independent of cirrhosis but can
affect GABA metabolism, impair gut motility and worsen psychomotor

coordination?!: 26. 27 |n cirrhotic outpatients, some of these medications, such as HE
therapies and opioids, are associated with worse clinical and patient-reported outcomes,
while in inpatients they are associated with varying degrees of gut dysbiosis and increased
readmissions?1-23. 28 These medications are frequently prescribed by practitioners other
than hepatologists for chronic pain, anxiety, and insomnia that are prevalent in patients with
cirrhosis?0. Therefore, careful and repeated reassessment of their risk/benefit ratio in the
outpatient and inpatient setting accompanying by communication with the prescribing team
could provide alternatives to avoid potential HE precipitation®: 20,
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Another critical aspect of inpatient care is to protect the airway in HE, which is relevant to
patients with grades 3 and 4 HE primarily23. Despite almost a quarter of HE patients
developing these high grades, only sixty-seven patients were intubated and aspiration
pneumonia was seen in 16% of these patients. Aspiration pneumonia carries a uniformly
poor prognosis in cirrhosis and is a major preventable cause of organ failure that can lead to
ACLF29: 30 Therefore, a greater awareness of this fast devolving HE grades with prompt
transfer and intubation and conversion from oral lactulose to enema is needed to prevent
these complications and reduce length of stay and mortality rates3L.

A major challenge related to HE patients at discharge is the prevention of recurrence that can
lead to readmission3 that may need a multi-disciplinary approach involving caregivers as
well32: 33 Indeed, studies ensuring medication adherence, enhanced outpatient services,
greater communication with the clinical team and dedicated protocols have shown benefit in
readmissions for HE34 35, An important quality component is to ensure that patients are
discharged on the approved therapies to prevent HE recurrencel®. These include lactulose
and/or rifaximin at discharge based on the number of prior HE episodes!3. Our data
demonstrate that HE therapy was not resumed in a substantial proportion of patients at
discharge. Neither the guidelines nor any participating institutional policy recommend
stopping therapy to prevent HE recurrencel3. Therefore, patients in whom therapy was not
resumed after discharge would be a quality improvement target to potentially reduce HE
recurrence.

The 90-day readmission rate was more than 40%, with HE being the leading cause, similar
to prior studies 3. Rates of 90-day HE readmissions were highest in lactulose users
compared to other groups despite current practice dictating that rifaximin be reserved for
patients who fail or cannot tolerate lactulose!3. This pattern was significant despite adjusting
for the discharge MELD scores. While the reasons for lactulose-using groups experiencing a
higher recurrence are unclear, we can speculate that the adverse events or non-adherence
related to lactulose could contribute. In the Bass et al trial, the protection from rifaximin was
similar regardless of concomitant lactulose use but only 9% of patients were without
lactulose3. This relative protection from recurrence was maintained during open-label
rifaximin follow-up consisting of newer cohorts and continuation of the same cohort37: 38,
The reduction in hospitalizations and better outcomes were found in other studies as
well39-41 However, these findings need to be carefully considered because the subgroup on
rifaximin alone was much smaller compared to the remaining groups and the use of
rifaximin or lactulose did not differentially impact the 60% of readmissions that were not
related to HE within 90 days. Therefore, while the data suggest that rifaximin alone could be
better than lactulose alone or lactulose+rifaximin, this would only extend to HE-related
readmissions and would require a larger confirmatory study.

The study is limited by enrollment of patients in large, tertiary-care centers who are not
representative of the general population. Also, a convenience sample of patients and their
relatives who were able and willing to consent were included, which could have excluded
some patients with more advanced HE. Regardless, more than a quarter of our patients had
grade 3 or 4 HE. The adjudication of precipitating factors was performed by the local PI,
which could cause errors due to subjectivity. Given that the data collection was started
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before AASLD/EASL guidelines were published, precipitating factors were not completely
concordant with these guidelines. We combined several medication groups together to
increase the ease of understanding but many of these, such as opioids and benzodiazepines,
can worsen sensorium even in inpatients without cirrhosis. Prior HE history was reflected in
the pattern of HE-related medication use typical of North America (no therapy for patients
with prior HE, lactulose after first episode, additional rifaximin after the second episode and
only rifaximin in those with severe lactulose intolerance) but the exact number of prior
episodes were not accounted for specifically. We focused on selected areas related to HE as
potential targets for quality improvement, but there also remain other aspects of HE care
such as caregiver input that need further analysis. However, the data entry was performed
after the hospitalization was complete, which gave the PI greater insight into the hospital
course and followed current clinical practice.

We conclude that hepatic encephalopathy remains a major reason for admission and
readmission in cirrhosis. Judicious use of psychoactive medications, careful monitoring of
adherence on previously prescribed HE medications, continued monitoring to prevent
aspiration pneumonia and optimization of HE therapy at discharge, are important areas to
focus on in order to improve the quality of care for patients with HE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Inpatients with cirrhosis
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(n=1708)
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¢

Admitted without HE Rx

(n=1102)
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Total at Discharge Discharged on HE Rx
n=2420 (n=1630)

Figure 1:

Discharged without HE Rx
(n=790)

Flow of patients on hepatic encephalopathy medications or not in the index admission, on
discharge and during the 90-day post-discharge period
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HE as the cause of HE during readmission
60% s
’ readmission P<0.001
P=0.014
0,
20% P=0.039
40%
P=0.001
30%
P=0.045
P=0.036
20%
10%
0% T T
No Lact Rif L+R No Lact Rif L+R
Figure 2:

90-day hepatic encephalopathy (HE)-related readmission rates and rates of HE during that
particular readmission between groups based on discharge HE therapy. No= discharged
without HE therapy, Lact=discharged on lactulose only, Rif=discharged on rifaximin only
and L+R=discharged on lactulose and rifaximin.
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