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Abstract

BACKGROUND

Non-invasive tests, such as Fibrosis-4 (Fib-4) index and transient elastography
(commonly FibroScan), are utilized in clinical pathways to risk stratify and diagnose
non-alcoholic fatty liver disease (NAFLD). In 2018, a clinical decision support tool
(CDST) was implemented to guide primary care providers (PCPs) on use of FibroScan
for NAFLD.

AIM

To analyze how this CDST impacted health care utilization and patient outcomes.

METHODS

We performed a retrospective review of adults who had FibroScan for NAFLD
indication from January 2015 to December 2017 (pre-CDST) or January 2018 to
December 2020 (post-CDST). Outcomes included FibroScan result, laboratory tests,

imaging studies, specialty referral, patient morbidity and mortality.

RESULTS

We identified 958 patients who had FibroScan, 115 before and 843 after the CDST was
implemented. The percentage of FibroScans ordered by PCPs increased from 33 to
67.1%. The percentage of patients diagnosed with early F1 fibrosis increased from 7.8 to
14.2%. Those diagnosed with advanced F4 fibrosis decreased from 28.7% to 16.5%.
There were fewer laboratory tests, imaging studies and biopsy after the CDST was
implemented. Though there were more specialty referrals placed after the CDST was
implemented, multivariate analysis revealed that healthcare utilization aligned with
fibrosis score, whereby patients with more advanced disease had more referrals. Very

few patients were hospitalized or died.

CONCLUSION




This CDST empowered PCPs to diagnose and manage patients with NAFLD with

appropriate allocation of care towards patients with more advanced disease.
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Core Tip: This was a retrospective study of nearly 1000 patients with non-alcoholic fatty
liver disease who underwent FibroScan. The purpose of this study was to compare
patients before and after a clinical decision support tool was implemented. This tool
was designed to guide primary care providers on the management of non-alcoholic
fatty liver disease. After the tool was released, we saw higher rates of early-stage
fibrosis diagnosed by FibroScan. We saw appropriate allocation of care, whereby
patients with advanced fibrosis had more labs, imaging studies and specialty referrals.
These results suggest non-alcoholic fatty liver disease can feasibly be diagnosed and
managed in the primary care setting.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of liver
disease worldwide, affecting over 25% of the population ['l. In the United States alone,
this translates to over 80 million individuals [2I. In its early stage, NAFLD. is reversible.
However, disease progression results in irreversible fibrosis and cirrhosis and portends
significant risk of hepatocellular carcinoma (HCC).

Historically, liver biopsy was the gold standard for diagnosis of NAFLD [l
However, advancements in non-invasive testing are beginning to change the standard,
with safer, cost-effective [+5], accurate [6] and readily accessible modalities 78] that can be

utilized in the primary care setting 9. In the United States, the most common modality




is transient elastography, often delivered by the FibroScan device (Echosens, Paris,
France).

The evolution of non-invasive tests, like FibroScan, has enabled clinical pathways
by which primary care physicians (PCPs) can identify patients with liver disease prior
to utilization of specialty services [10-11l. Recently, professional societies 12131 have
started to embrace these diagnostic tools and clinical pathways in their
recommendations. However, very few retrospective [14] and prospective [151¢] studies
have assessed the effectiveness of these pathways in clinical practice. To date, no
singular study has assessed management, appropriateness of care and patient outcomes
for NAFLD patients who have undergone FibroScan.

In 2018, a clinical decision support tool (CDST) for NAFLD was implemented in
Kaiser Permanente Los Angeles Medical Center (KPLAMC), a tertiary care center in
Southern California. The goals of this CDST were to: 1. Educate and guide PCPs in
identifying patients with NAFLD. 2. Risk-stratify patients via non-invasive tests. 3.
Triage patients based on risk, whereby lower risk patients were educated about lifestyle
modification and higher risk patients were offered specialty referral for advanced care.
We sought to determine the impact of this CDST on health care utilization, practice

patterns and patient outcomes.

MATERIALS AND METHODS

Clinical Pathway

This study was centered around a CDST, part of a user-facing app, called Aura,
on the electronic health record (EHR). Aura-based CDSTs populate patient clinical data
to allow clinicians to calculate scores and receive recommendations. This CDST was
based on the Fib-4 index, a validated calculator to predict liver fibrosis and cirrhosis [17].
If the score was below 1.3, the recommendation included lifestyle counseling and
repeating the score in 3 years. If the score met a threshold of 1.3, a FibroScan was
recommended. If the score was above 3.25, FibroScan and specialty referral to

gastroenterology and hepatology was recommended (Diagram 1).




Study Population

The primary population included persons = 18 years who underwent FibroScan
for NAFLD indication at KPLAMC from Jaguary 1, 2015 to December 31, 2020.
KPLAMC is the tertiary referral center for Kaiser Permanente Southern California
(KPSC), the largest integrated health system in the state of California. KPLAMC cares
for over 275,000 adult members, representing about 16% of the population [18],

Study Design + Data Source

A retrospective study. The cohort was identified using an internal database of
patients for whom FibroScan was performed. The population was stratified by time of
FibroScan, either before (pre-CDST) or after (post-CDST) introduction of the CDST to
clinical workflow. Patients were excluded from analysis if pregnant within 1 year of
FibroScan. Patients with incomplete data were also excluded (Diagram 2).

Data were gathered and extracted from this cohort via the KPSC Health Connect
Database using ICD and CPT codes (Appendix A, B). Certain variables were confirmed
by manual chart review. The KPSC Institutional Review Board (IRB) approved the
study.

Outcomes

The primary outcome was health care utilization - who underwent FibroScan
and what was the result of the scan. Variables included age, sex, BMI, race, insurance
type and medical co-morbidities such as concomitant chronic liver diseases and risk
factors for metabolic syndrome. FibroScan results included fibrosis score, steatosis
score, probe type used and category of physician who ordered the scan, either primary
or specialty care.

The secondary outcomes included clinical management, hospitalization rate and
mortality within one year of FibroScan. Clinical management was subdivided into three
categories - laboratory tests, imaging studies, biopsy and specialty referral. Laboratory
tests included liver function test (LFT), international normalized ratio (INR), creatinine
and complete blood count (CBC). Imaging studies included computerized tomography

(CT)4 phase liver, magnetic resonance imaging (MRI) liver, right upper quadrant




ultrasound and repeat FibroScan. Specialty referral included gastroenterology,
hepatology and health education, for services like diet and weight loss. Primary
hospital admission diagnoses included hepatic encephalopathy, variceal bleeding,
spontaneous bacterial peritonitis and liver cancer (Appendix A). Deceased patients who
died within the first year after FibroScan were captured and cause of death was
identified.

Statistical Analysis

Statistical significance was calculated by chi-square and Kruskal-Wallis for
categorical and continuous variables, respectively. All p-values were determined to be
significant if they were below the 0.05 threshold.

Subgroup analysis included a multivariable logistic regression to quantify the
relationship between clinical management - laboratory tests, imaging studies and
specialty referrals - and fibrosis score. The multicollinearity and variance inflation
factor were checked and determined to be negligible. For multivariate logistic
regression, the p-value was calculated by the Wald Test, with multicollinearity between
variables checked with high correlation of 0.8, tolerance below 0.1 and variance inflation
factor of above 10. All analyses were done using SAS 9.4 and SAS Enterprise Guide 7.15
(SAS Institute, Cary, North Carolina).

RESULTS
Patient Characteristics

We identified 958 patients who underwent FibroScan from January 1, 2015 to
December 31, 2020. Of these, 115 patients had FibroScan from January 1, 2015 to
December 31, 2017 (pre-CDST) and 843 patients had FibroScan from January 1, 2018 to
December 31, 2020 (post-CDST). Patient demographics and clinical characteristics are
represented in Tables 1 and 2.

In the pre-CDST cohort, mean age was 58.3 +13.78 years with over half (53.9%)
being female. Mean BMI was 31.6 +6.13. The majority racial group was Hispanic
(47.8%), followed by non-Hispanic White (25.2%) and Asian (19.1%). Most patients had




commercial health insurance (64.3%) while many others had Medicare (24.3%). Patients
carried comorbid diagnoses of diabetes mellitus (45.2%), hyperlipidemia (52.2%) and
obstructive sleep apnea (14.7%). Very few patients had comorbid liver diseases. The
post-CDST cohort had statistically similar data to the pre-CDST cohort with one
exception. Mean BMI in the post-CDST cohort was 33.1 £7.1 (P = 0.0358).

FibroScan Data

In the pre-CDST cohort, 33% of FibroScans were ordered by PCPs. In the post-
CDST cohort, 67.1% of FibroScans were ordered by PCPs. In both cohorts, a little over
half (55.7-56%) of probes used during FibroScan were XL.

Regarding FibroScan results, 9 patients, representing 7.8% of the pre-CDST
cohort, had low grade F1 fibrosis. In the post-CDST cohort, this increased to 120
patients with F1 fibrosis, representing 14.2% (P = 0.0142). Additionally, 33 patients in
the pre-CDST cohort had advanced F4 fibrosis, representing 28.7%. This decreased to
16.5%, a total of 139 patients, in the post-CDST ccﬁort with F4 fibrosis (P = 0.0142). The
percentage of patients with advanced steatosis S3 increased from 43.5% in the pre-CDST

cohort to 67.3% in the post-CDST cohort (p=<0.0001).

Clinical Management
Laboratory Tests
In the pre-CDST cohort, an average of 7.2 tests were performed per patient in the
first year after FibroScan. This significantly decreased to 5.3 Laboratory tests in the post-
CDST cohort (p<0.0001). When subdivided by type of test, this significant decrease
remained true (Chart 1A).
Imaging studies
The percentage of patients who had a CT 4-phase liver decreased from 13.9% in
the pre-CDST cohort to 12.8% in the post-CDST cohort (P = 0.7486). The percentage of
patients who had an MRI liver decreased from 16.5% in the pre-CDST cohort to 10.6%
in the post-CDST cohort (P = 0.0607). The percentage of patients who had a right upper

quadrant ultrasound decreased significantly from 30.4% in the pre-CDST cohort to




20.7% in the post-CDST cghort (P = 0.0193). The percentage of patients who had a
repeat FibroScan increased from 1.7% in the pre-CDST cohort to 2.7% in the post-CDST
cohort (P =0.5538, Chart 1B).

Biopsy

In the pre-CDST cohort, 8.7% of patients had liver biopsy within the first year.
This decreased significantly to 2.7% in the post-CDST cohort (P = 0.001). The average
number of months to biopsy was similar in both cohorts, 3.9 mo in the pre-CDST cohort
vs 3.5 mo in the post-CDST cohort (P = 0.9822, Chart 1B).

Of those who were referred for liver biopsy, 82.8% of patients had fibrosis scores
of F3 or F4 from FibroScan. Of the biopsies done, 76.9% resulted in fibrosis scores that
agreed with the patient’s FibroScan result. The remaining 23.1% were discordant to the
FibroScan result. In all the discordant biopsy results, Fibroscan overestimated the
fibrosis score from the biopsy pathology.

Specialty referral

The percentage of patients for whom gastroenterology referral was placed
creased from 5.2% in the pre-CDST cohort to 7.5% in the post-CDST cohort (P =
0.3803). The percentage of patients for whom hepatology referral was placed increased
significantly from 2.6% in the pre-CDST cohort to 12.8% in the post-CDST cohort (P =
0.0014). The percentage of patients for whom health education referrals were placed
increased significantly from 21.7% in the pre-CDST cohort to 35.2% in the post-CDST
cohort (P = 0.0045, Chart 1B).

Patient Outcomes

Morbidity

In the pre-CDST cohort, no patients were hospitalized for complications of liver
disease in the first year. In the pre-CDST cohort at any time in the study time frame, 4
patients were hospitalized for hepatic encephalopathy, 1 patient was hospitalized for
variceal bleeding and 1 patient was hospitalized for spontaneous bacterial peritonitis.

In the post-CDST cohort, 1 patient was hospitalized for hepatic encephalopathy

and 2 patients were hospitalized for liver cancer in the first year. In the post-CDST




cohort at any time in the study time frame, 4 patients were hospitalized for hepatic
encephalopathy and 5 patients were hospitalized for liver cancer (Table 3).
Mortality

In the pre-CDST cohort, 1 patient died in the first year. In the pre-CDST cohort at
any time, 9 patients died. In the post-CDST cohort, 7 patients died in the first year. In
the post-CDST cohort at any time, 17 patients died. No patients died of complications of
liver disease. Cause of death was primarily cardiovascular or complications of Covid-
19 (Table 3).

Multivariable analysis

The likelihood of healthcare utilization across all categories - laboratory tests,
imaging studies and specialty referrals - increased with advancing fibrosis, most
prominent in F4 fibrosis (Table 4). The reference group for this analysis was F0 fibrosis
patients, unless otherwise specified.

Those with F3 fibrosis were 1.507 times as likely to have a laboratory test than
those with FO fibrosis (P = 0.0845). Those with F4 fibrosis were 2.477 times as likely to
have a laboratory test than those with FO fibrosis (P = 0.0001).

Those with F3 fibrosis were 4.703 times as likely to have an imaging study than
those with FO fibrosis (p<0.0001). Those with F4 fibrosis were 7.188 times as likely to
have an imaging study than those with FO fibrosis (p<0.0001).

Those with F3 fibrosis were 6.195 times as likely to have a gastroenterology
referral than those with FO fibrosis (p<0.0001). Those with F4 fibrosis were 4.122 times
as likely to have a gastroenterology referral than those with FO fibrosis (P = 0.0005).

Due to low numbers, comparisons for hepatology referrals were made with F2
fibrosis patients rather than FO or F1 fibrosis patients. Those with F3 fibrosis were 4.438
times as likely to have a hepatology referral than those with F2 fibrosis (p<0.0001).
Those with F4 fibrosis were 4.55 times as likely to have a hepatology referral than those
with F2 fibrosis (p<0.0001).




Those with F3 fibrosis were 2.054 times as likely to have a health education
referral than those with FO fibrosis (P = 0.0019). Those with F4 fibrosis were 3.589 times
as likely to have a health education referral than those with FO fibrosis (p<0.0001).

DISCUSSION

This study examined the demographics, clinical management, morbidity and
mortality of a cohort of patients with NAFLD who underwent FibroScan, a non-
invasive test to diagnose liver fibrosis. This study was centered around a CDST
designed to guide PCPs in the care of patients with NAFLD. We compared patients
before and after the CDST was implemented to determine its impact on health care
utilization, practice patterns and patient outcomes.

The CDST pathway, combining Fib-4 and FibroScan, was chosen in particular
because of robust clinical data supporting its use in the NAFLD population. When
compared head-to-head with other scoring systems, Fib-4 has a high negative predictive
value [19, making it an ideal rule out test in detecting advanced fibrosis and cirrhosis [20-
211, Furthermore, FibroScan has a high positive predictive value for the measurement of
liver stiffness [22], to rule in advanced fibrosis and cirrhosis, and thus risk-stratify
patients. When Fib-4 and FibroScan are used in tandem, it is predicted that 87% of
unnecessary further assessments may be avoided 3.

Our data revealed three important findings. First is regarding FibroScan orders.
Prior to the CDST, about two-thirds of all FibroScans were ordered by specialty
providers. Additionally, the overall number of scans ordered by any provider during
that time was low. This indicates either poor understanding of the test’s presence or low
level of confidence in the test itself. After the CDST, not only did the overall number of
scans increase 7-fold, but also, the majority of scans - about two-thirds - were ordered
by PCPs. This drastic shift shows that the CDST achieved its goal of educating PCPS on
the utility of FibroScan and fostered a new confidence in the test, leading to higher rates

of utilization.




As such, the average BMI of patients in the post-CDST cohort was statistically
significantly higher than those in the pre-CDST cohort. We attribute this difference to
provider education regarding risk factors for NAFLD. When the CDST was
implemented, PCPs were alerted of its presence and provided educational materials in
the form of EHR alerts, informational emails and formal lectures. Since obesity is a
known risk factor for NAFLD, it is likely that PCPs thought to screen patients with
higher BMIs.

The second important finding is regarding fibrosis score. In the pre-CDST cohort,
fibrosis scores had a bi-modal distribution. About half of the patients either had no
fibrosis (FO) or had advanced fibrosis (F4). Conversely, the post-CDST cohort contained
almost half the number of patients with advanced fibrosis (F4) and also twice the
number of patients with early fibrosis (F1). This change shows that the CDST captured
patients earlier in the disease process. As we know, while early fibrosis is reversible,
advanced fibrosis and cirrhosis is not. Early recognition and diagnosis are crucial.

The third important finding is regarding care utilization. In aggregate, the
utilization rates of laboratory tests, imaging studies and biopsy decreased with the
introduction of the CDST. particular, there was no significant difference in
gastroenterology referral for patients with early fibrosis (FO-F1). Furthermore, patients
with advanced fibrosis (F3-F4) had more tests and studies done and more referrals
placed. This not only represents appropriate allocation and utilization of care, but also
may serve to quell providers” worries that identification of NAFLD patients may lead to
unnecessary testing, in particular endoscopies for variceal surveillance [24].

Regarding strengths and weaknesses, this study cohort is robust and diverse and
can reasonably be extrapolated to the national population. To date, no singular study of
a clinical pathway has assessed management, appropriateness of care and patient
outcomes in the NAFLD population. Unfortunately, the study period included the
Covid-19 pandemic, which is known to have resulted in decreased rates of care

utilization and delivery [23].




CONCLUSION

This study is of particular importance. PCPs see more than 300 cases of NAFLD
for every 1,000 patient encounters [26l. The average annual ggst of care per NAFLD
patient with private health insurance in the United States is $7,804 for a new diagnosis
and $3,789 for long-term management [271. Not only is NAFLD independently associated
with 17% higher annual attributable healthcare costs, but also more advanced disease,
F3 and above, is associated with a 40% increase in median annual healthcare cost when
compared to F2 and below [281. The lion share of this increase in cost can be attributed to
liver biopsy, imaging and hospitalizations [27].

Not only is the prevalence of NAFLD and NASH projected to increase by up to
56% in the next 10 years [*l, but also high_primary care workload and physician
burnout 3] necessitates action and education. Early and accurae diagnosis of fibrosis in
NAFLD patients, particularly those with advanced disease, is necessary to determine
the patient’s prognosis and guide clinical decision making.

Workflows such as this CDST can not only help patients attain adequate,
appropriate, preventative care, but also can help streamline primary care clinical
practice and empower physicians beyond the liver clinic to appropriately recognize and
manage high risk NAFLD. Future directions for this work include longitudinal study of
this population and clinical workflow in multiple centers on a national and

international scale.

ARTICLE HIGHLIGHTS

Research background

Non-alcoholic fatty liver disease (NAFLD) is a growing problem, affecting over 25% of
the global population. Non-invasive tests are being used more and more to risk stratify
and diagnose patients with NAFLD. However, there is a paucity of data for how these

tests are being used for clinical decision making in real-world practice.

Research motivation




We examined a clinical decision support tool (CDST) designed to guide primary care

providers (PCPs) in the care of patients with NAFLD.

Research objectives
To evaluate health care utilization, practice patterns and patient outcomes of patients

who underwent FibroScan for NAFLD indication.

Research methods
A retrospective review of 958 adult patients who underwent FibroScan. Patients were
compared before and after introduction of the CDST. Univariate and multivariate

logistic regression models were performed in statistical analyses.

Research results

Introduction of the CDST allowed for more patients with early fibrosis and fewer
patients with advanced fibrosis to be identified. Overall, fewer labs, imaging studies
and biopsies were ordered after the CDST. Providers appropriately ordered more

specialty referrals for patients with more advanced fibrosis.

Research conclusions
This CDST empowered PCPs to diagnose and manage patients with NAFLD with

appropriate allocation of care towards patients with more advanced disease.

Research perspectives
Non-alcoholic fatty liver disease can feasibly be diagnosed and managed in the primary
care setting. Future research is required to streamline and refine care of this patient

population.
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