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Risk stratification of patients with nonalcoholic fatty liver
disease using a case identification pathway in primary care:
a cross-sectional study

Abdel Aziz Shaheen MBBCh MPH, Kiarash Riazi MBBCh, Alexandra Medellin MD, Deepak Bhayana MD,
Gilaad G. Kaplan MD MPH, Jason Jiang MSc, Roy Park MD, Wendy Schaufert RN, Kelly W. Burak MD MSc,
Monica Sargious MD, Mark G. Swain MD MSc

Background: Identification of patients with nonalcoholic fatty liver disease (NAFLD) with advanced liver fibrosis in primary care
remains an unmet need. Our primary objective was to implement a pathway driven by shear wave elastography (SWE) to facilitate
risk stratification of patients with NAFLD within primary care and evaluate whether SWE assessment can reduce referrals of patients
with NAFLD at low risk for fibrosis to hepatology.

Methods: A multidisciplinary NAFLD clinical care pathway was codeveloped by hepatologists, radiologists and primary care phys-
icians in Calgary to provide access to SWE-based screening of patients with NAFLD risk factors in primary care. The study outcome
measures were estimated NAFLD-related referrals to the hepatology service in Calgary after implementation of the NAFLD pathway
and characteristics of patients with NAFLD at risk for advanced fibrosis. The NAFLD pathway was implemented in January 2018 and
was made available to all primary care physicians in the Calgary Health Zone. Patients with NAFLD who had liver stiffness (SWE
value > 8.0 kPa) or an inconclusive assessment were referred to hepatology. A serum liver fibrosis score was also measured with the
fibrosis-4 (FIB-4) index, and performance of an FIB-4 index score of 1.30 or greater to risk stratify patients with NAFLD was evalu-
ated. Demographic, clinical and laboratory characteristics of study groups were compared.

Results: Between March and October 2018, 2084 patients with suspected NAFLD were evaluated. Nonalcoholic fatty liver disease
was confirmed by ultrasonography in 1958 (94.1%). A majority of the cohort had elevated liver enzyme values (1028 [52.5%]) and
obesity (body mass index > 30) (1063/1764 [60.3%)]). Most patients with NAFLD (1791 [91.5%]) had an SWE value less than 8.0 kPa
and were not referred to hepatology. Sixty-seven patients (3.4%) had an SWE value of 8.0 kPa or more, and 100 (5.1%) had an
inconclusive SWE; these patients were referred to hepatology. Using an FIB-4 index score cut-off of 1.30 would have led to hepatol-
ogy referral of 396/1251 patients (31.6%).

Interpretation: Implementation of a primary care—accessible SWE pathway for patients with NAFLD facilitated fibrosis risk stratification
and greatly reduced hepatology referrals. Using the FIB-4 index score alone would led to higher rates of referral of patients with NAFLD.

onalcoholic fatty liver disease (NAFLD) is com-  geting patients with NAFLD who have advanced fibrosis

mon in patients with diabetes, obesity, dyslipid-  for intense lifestyle modification.>’

emia and metabolic syndrome, and has become Although awareness of NAFLD among primary care
the leading cause of liver disease in North America.”  physicians is increasing, identifying patients with NAFLD
Patients with NAFLD at risk for advanced fibrosis require
specialist care for urgent assessment and management of
liver cirrhosis complications.** Intense lifestyle modifica-

tion and treatment of underlying risk factors are the main an Investigator-Sponsored Research grant from Gilead Sciences. No
approach for treating patients with NAFLD with other competing interests were declared.
advanced fibrosis.>’ Early clinical intervention and patient This article has been peer reviewed.

education lead to better outcomes, including possible
reversal of histopathologic liver changes, especially in
patients who achieve a 7%-10% weight loss.%” Therefore, CMAJ Open 2020. DOI:10.9778/cmajo.20200009
recent guidelines have emphasized the high yield of tar-
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at high risk for advanced fibrosis in primary care remains
challenging.®'° Furthermore, a strategy to help primary care
physicians better triage patients with NAFLD for specialist
care based on liver fibrosis is lacking.!

Noninvasive serum liver fibrosis scores, such as the
fibrosis-4 (FIB-4) index, and ultrasonography-based modal-
ities including transient elastography and shear wave elastog-
raphy (SWE) have been used to assess liver fibrosis severity in
patients with NAFLD.!>"!* Transient elastography and SWE
are valid and reliable measures of liver fibrosis.!>!¢ Our pri-
mary objective was to implement an SWE-driven pathway to
facilitate risk stratification of patients with NAFLD within
primary care and evaluate whether SWE assessment can
reduce referrals of patients with NAFLD at low risk for fibro-
sis to hepatology.

Background and setting

Owing to the growing prevalence of NAFLD, there has been
a substantial increase in referrals from primary care physicians
for NAFLD assessment to the hepatology service in Calgary,
Alberta, leading to increasing wait times. The hepatology ser-
vice has a single—entry-point central access and triage process
for 10 hepatologists and covers a large urban population of
about 1.4 million. Specifically, patients with NAFLD repre-
sented about 40% (monthly median 510/1235) of referrals to
the hepatology service from January 2016 to December 2017.
Most patients with NAFLD assessed by the hepatology ser-
vice were found to be at low risk for liver fibrosis and did not
require further follow-up.

Development of clinical care pathway

Calgary hepatology leadership (M.G.S., head of the gastro-
enterology division in the Calgary Health Zone) proposed
developing a Calgary NAFLD care pathway to the leadership
of Calgary’s Primary Care Networks. Details on collaboration
among care providers to develop the Calgary NAFLD clinical
care pathway (CN-CCP) and outreach to primary care phys-
icians can be found in Appendix 1 (available at www.cmajo-
pen.ca/content/8/2/E370/suppl/DC1).

The CN-CCP is accessible to primary care physicians for
patients with risk factors for NAFLD, including diabetes,
increased body mass index, dyslipidemia or metabolic syn-
drome, previous imaging evidence of fatty liver and elevated
liver enzyme levels. Patients with other chronic liver diseases,
including heavy alcohol consumption (> 2 standard alcohol
drinks per day for men, > 1 for women), viral hepatitis B or C,
and immune-mediated liver disorders, are excluded.

In the pathway, patients with probable NAFLD and no
exclusion criteria are referred directly by primary care phys-
icians to community-based radiology providers for SWE
assessment. Patients found to be at risk for advanced fibrosis
(SWE value > 8.0 kPa or inconclusive SWE assessment) are
recommended for hepatology referral through a single city-
wide central referral access point. A cut-off of 8 kPa or greater
was chosen because the negative predictive value of advanced
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fibrosis for values less than 8 kPa is more than 96%.!%7
Patients at low risk (SWE value < 8.0 kPa) are managed
within primary care with a standardized management plan
that includes lifestyle modifications.

For long-term patient follow-up, it was decided by all leader-
ship groups that a reminder fax should be sent by the radiology
provider to the SWE-ordering physician, suggesting repeat
SWE 3 years after the initial SWE. In addition, primary care
physicians can contact hepatologists for advice through a dedi-
cated advice telephone line as needed.

The CN-CCP (Appendix 2, available at www.cmajopen.
ca/content/8/2/E370/suppl/DC1) was formally implemented
in January 2018. It was made available to all primary care
physicians in the Calgary Health Zone and is published online
(www.specialistlink.ca/files/NAFLD_Pathway_May2019.pdf).

Design, participants and data source
Adult patients in Calgary with a confirmed NAFLD diagnosis
during SWE assessment between March and November 2018
were included in this cross-sectional study. Our manuscript is
compliant with Revised Standards for Quality Improvement
Reporting Excellence (SQUIRE-2).13

The CN-CCP database includes all adult Calgary residents
with suspected NAFLD referred by primary care physicians for
SWE as of January 2017. The database contains patient demo-
graphic characteristics; comorbidities; laboratory data (com-
plete blood count, lipid profile [triglycerides, cholesterol, high-
density lipoprotein and low-density lipoprotein], hemoglobin
A,. [HbA,] concentration, international normalized ratio and
liver enzyme values [alanine aminotransferase (AL'T), aspartate
aminotransferase (AST), alkaline phosphatase, albumin,
v-glutamyl transpeptidase and creatinine]), medications for dia-
betes, dyslipidemia and hypertension; and SWE findings
(assessment date, reliable study [yes/no], median and interquar-
tile range of speed [in metres/second] based on 10 measure-
ments, median elasticity [in kilopascals], portal vein diameter,
liver echogenicity and attenuation, and liver contour and
echotexture). Completeness of the CN-CCP demographic and
radiologic data elements is 95%; data sources are updated
monthly. The validity of the CN-CCP is continually evaluated
by comparing its elements to Alberta Health Services databases.

Covariates
We included the following variables from the CN-CCP data-
base: age, sex, body mass index, type 2 diabetes mellitus (defined
as HbA,. concentration > 6.4%, a diagnosis code of type 2 diabe-
tes by a physician or use of type 2 diabetes treatment), impaired
fasting glucose (defined as HbA,, concentration 5.7%-6.4%),
hypertension (defined by a physician diagnosis code or drug
treatment for hypertension) and laboratory investigations.
Laboratory data were obtained at baseline (within 3 mo
of SWE). Patients were considered to have elevated liver
enzyme values if AL'T values were at or above the upper
limit of normal (= 30 U/L for men, > 25 U/L for
women)."” As AST was often not routinely ordered by pri-
mary care physicians, we described the patient characteris-
tics of those with available AST values and FIB-4 index
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scores compared to patients with missing values (AST is
required for calculation of FIB-4 index score).

Liver stiffness assessment

Shear wave elastography is a real-time ultrasonography-based
technique widely used to assess liver stiffness (i.e., fibrosis)
using a pulse induced by acoustic radiation force through tis-
sue to create shear waves.?®?! It was performed with a
2-dimensional Canon Aplio i800 ultrasonography system. A
standard abdominal ultrasonography examination (with the
patient fasting) was performed by a trained technologist (com-
pleted > 100 supervised SWE examinations) or a subspecialty
body radiologist with SWE experience.?!?> If the examiner
was unable to obtain a technically reliable shear wave (using
interquartile range [IQR]/median < 15% for metres/second
or £ 30% for kilopascals),”? the SWE assessment was deemed
inconclusive.

Case confirmation

All patients evaluated with the CN-CCP received abdominal
ultrasonography and SWE. Patients with homogeneous liver
echotexture, normal echogenicity and contour, and no signal
attenuation were identified as not having fatty liver. Patients
with liver steatosis were considered to have NAFLD.?022
Patients with failed SWE (inability to obtain a valid SWE

assessment) were excluded.

Outcomes

Our primary outcome measure was NAFLD-related referral
to the hepatology service in Calgary after implementation of
the CN-CCP. The secondary outcome measure was charac-
teristics of patients with NAFLD at risk for advanced fibrosis.

Statistical analysis

We described patient characteristics according to SWE
results. We used the y? test and the Wilcoxon rank-sum test or
Kruskal-Wallis test to examine demographic, laboratory and
clinical differences between patients with and without fibrosis
at baseline according to SWE values. Logistic regression mod-
els identified independent predictors of an SWE value of
8.0 kPa or greater, or inconclusive SWE measurements.

Logistic regression models were adjusted for age, sex, body
mass index, AL'T at baseline and comorbidities. We reported
all regression model estimates as adjusted odds ratio (OR)
with accompanying 95% confidence interval (CI).

Further analyses evaluated possible differences between
patients with complete laboratory investigations (for calculat-
ing FIB-4 index score) and those with incomplete laboratory
investigations. Among patients with an available FIB-4 index
score, we assessed the performance of a score of 1.30 or
greater as an index test for risk stratification of patients with
NAFLD compared to an SWE value of 8.0 kPa or greater.
An FIB-4 index score cut-off value of 1.30 has shown high
negative predictive value for advanced fibrosis (> 90%)."* We
assessed the rates of triggering a recommendation for hepatol-
ogy referral with 7 SWE cut-off points between 6.0 kPa and
9.0 kPa.
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We performed all analyses using Stata/IC version 15.1
(StataCorp).

Ethics approval
The study protocol was approved by the Conjoint Health
Research Ethics Board at the University of Calgary.

A total of 2084 patents with suspected NAFLD were evalu-
ated with the CN-CCP between March and November 2018
(Figure 1). Ultrasonography showed NAFLD in 1958 patients
(94.1%). The diagnosis of NAFLD varied by body mass index
(=30:1223/1259 [97.1%]; 25-29: 426/462 [92.2%], p < 0.001).
Baseline clinical and laboratory investigations are presented in
Table 1. There was a slightly higher proportion of female
patients (1052 [53.7%]) with NAFLD; the median age was 55
(IQR 45-63) years. The median SWE value was 4.4 kPa (IQR
3.7-5.5 kPa), and the median FIB-4 index score was 0.99 (IQR
0.69-1.48).

Patient classification by shear wave elastography
result

Three patients had failed SWE and were excluded from
analysis. Of the 1958 patients with NAFLD, 1791 (91.5%)
had an SWE value less than 8.0 kPa and were not referred to

Patients with probable NAFLD assessed
with SWE
n=2172*

* Elevated liver enzyme levels n = 1155

* Body mass index > 30 n = 1309

* Impaired fasting glucose n =750

* Type 2 diabetes mellitus n = 603

* Previous imaging with possible NAFLD n = 933

—— Excluded n =88%t
* History of heavy alcohol
consumption n =59
* Other cause of chronic
liver disease n =38
Y
Eligible for study
n =2084
—— Excluded after SWE with
abdominal ultrasonography
n=126
* Failed SWE assessment n =3
* No evidence of NAFLD n =123
Y
Confirmed NAFLD
n = 1958

Figure 1: Flow chart showing selection of study cohort. Note:
NAFLD = nonalcoholic fatty liver disease, SWE = shear wave elas-
tography. *Some patients had more than 1 condition. tSome patients
had both exclusion criteria.
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Table 1: Characteristics of patients with nonalcoholic fatty liver disease according to shear wave elastography result
Group; no. (%) of patients*
SWE value Inconclusive SWE value
Total cohort > 8 kPa result < 8kPa
Characteristic n = 1958 n =67 n =100 n=1791 p valuet
Age, yr, median (IQR) 55 (45-63) 61 (49-69) 57 (47-65) 54 (45-63) 0.004
Female sex 1052 (53.7) 44 (65.7) 55 (55.0) 953 (53.2) 0.1
Body mass index, median (IQR) 32.0 (28.0-36.6) 37.2 (31.7-40.8) 40.6 (33.4-47.2) 31.6 (27.8-35.9) < 0.001
(n=1764)
Baseline laboratory investigations,
median (IQR)
ALT, U/L (n = 1944) 38 (25-60) 37 (21-63) 31 (20-52) 38 (25-61) 0.05
AST, U/L (n = 1273) 29 (21-42) 36 (23-56) 27 (19-50) 29 (21-41) 0.06
Albumin, g/L (n = 1473) 39 (37-41) 37 (36-39) 37 (34-39) 39 (37-41) < 0.001
ALP, U/L (n = 1667) 77 (64-94) 91 (68-107) 85 (71-118) 76 (63-93) < 0.001
GGT, U/L (n = 1627) 45 (27-87) 87 (36-133) 48 (29-138) 45 (27-82) < 0.001
INR (n = 875) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 1.0 (1.0-1.2) 1.0 (1.0-1.0) < 0.001
Platelet count, 10 x /L (n = 1922) 250 (209-294) 214 (169-255) 234 (179-295) 252 (211-295) < 0.001
Triglycerides, mmol/L (n = 1830) 1.80 (1.28-2.61) 1.79 (1.23-2.37) 1.71 (1.28-2.30) 1.81 (1.28-2.64) 0.2
Cholesterol, mmol/L (n = 1831) 4.75 (4.01-5.48) 4.04 (3.44-4.70) 4.01 (3.42-4.87) 4.81 (4.10-5.53) < 0.001
HDL, mmol/L (n = 1831) 1.16 (0.95-1.39) 1.11 (0.90-1.34) 1.10 (0.92-1.31) 1.16 (0.96-1.39) 0.09
LDL, mmol/L (n = 1831) 2.61 (1.95-3.27) 2.07 (1.57-2.55) 2.10 (1.62-2.71) 2.66 (2.03-3.33) < 0.001
Creatinine, mmol/L (n = 1895) 74 (60-87) 67 (51-79) 66 (54-79) 74 (61-88) < 0.001
Hemoglobin A,, % (n = 1810) 5.7 (6.5-6.2) 6.2 (5.6-7.2) 6.1 (5.6-71) 5.7 (5.4-6.2) < 0.001
Diabetes mellitus 562 (28.7) 38 (56.7) 50 (50.0) 474 (26.5) < 0.001
Impaired fasting glucose 657 (33.6) 12 (17.9) 24 (24.0) 621 (34.7) 0.002
Hypertension 798 (40.8) 41 (61.2) 63 (63.0) 694 (38.7) < 0.001
Fibrosis-4 index score, median (IQR) 0.99 (0.69-1.48) 1.71 (1.03-2.63) 1.19 (0.77-2.05) 0.96 (0.68-1.41) < 0.001
(n=1251)
Note: ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = y-glutamyl transpeptidase, HDL = high-density lipoprotein,
INR = international normalized ratio, IQR = interquartile range, LDL = low-density lipoprotein, SWE = shear wave elastography.
*Except where noted otherwise.
1For comparison between cohort subgroups (3 groups).

hepatology. Sixty-seven patients (3.4%) had an SWE value of
8.0 kPa or greater, and 100 (5.1%) had inconclusive results;
hepatology referral was recommended for these patients.
Compared to nonreferred patients, patients who were
referred to hepatology were older (median age 54 yr v. 61 yr for
those with SWE value > 8.0 kPa and 57 yr for those with
inconclusive results, p < 0.01), had a higher body mass index
(median 31.6 v. 37.2 and 40.6, respectively, p < 0.01) and were
more likely to have impaired fasting glucose or diabetes (50
[74.6%] v. 1095 [61.1%] and 74 [74.0%], respectively, p < 0.01).
Referred patients had similar AL'T and AST levels as non-
referred patients. However, compared to nonreferred patients,
referred patients had lower albumin levels (median 39 g/L v.
37 g/L for both those with SWE value > 8.0 kPa and those with
inconclusive results, p < 0.001), higher y-glutamyl transpepti-
dase levels (median 45 U/L v. 87 U/L and 48 U/L, respectively,
p < 0.001) and lower platelet counts (median 252 x 10%/L v.
214 x 10%/L and 234 x 10°/L, respectively, p < 0.001) (Table 1).

Stratification based on different shear wave
elastography cut-off values

Using SWE cut-off points between 6.0 and 9.0 kPa led to dif-
ferent rates for triggering a hepatology referral recommenda-
tion. Specifically, 67 patients with NAFLD (3.4%) had an
SWE result of 8.0 kPa or greater, 106 (5.4%) had a result of
7.0 kPa or greater, and 44 (2.2%) had a result of 9.0 kPa or
greater (Appendix 3, Supplemental Table S1, available at
www.cmajopen.ca/content/8/2/E370/suppl/DC1).

Risk stratification using fibrosis-4 index score

Patient characteristics did not differ between those with
available FIB-4 index scores (7 = 1251 [63.9%]) and those
without (n = 707 [36.1%]) (Appendix 3, Supplemental
Table S2). With an FIB-4 index score cut-off of less than
1.30, 855 patients (68.3%) would have been classified as
being at low risk for advanced liver fibrosis, but 396 (31.6%)
would have been referred to hepatology (Table 2). However,
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Table 2: Classification of patients with nonalcoholic fatty
liver disease who had available fibrosis-4 index scores
according to fibrosis-4 index score and shear wave
elastography value

FIB-4 index score; no. (%) of patients

>1.30 <130
SWE value, kPa n =396 n =855
>8.0 34 (8.6) 21 (2.5)
<8.0 362 (91.4) 834 (97.5)

Note: FIB-4 = fibrosis-4, SWE = shear wave elastography.

of patients referred to hepatology with an FIB-4 index score
of 1.30 or higher, only 34 (8.6%) had an SWE value of
8.0 kPa or greater. Of the 855 patients with an FIB-4 index
score less than 1.30, 21 (2.5%) had an SWE value of 8.0 kPa
or greater. Therefore, agreement was observed in 69.4% of
patients (868/1251). Using a higher FIB-4 index score cut-
off of 2.24 would have led to hepatology referral of
128 patients (10.2%).

Predictors of need for hepatology referral

In models adjusted for patient characteristics (including age,
sex, obesity [body mass index > 30], type 2 diabetes, impaired
fasting glucose, hypertension, and elevated AL'T or AST level
at baseline), obesity (adjusted OR 1.93, 95% CI 1.01-3.75),
type 2 diabetes (adjusted OR 2.22, 95% CI 1.13-4.36) and
hypertension (adjusted OR 2.18, 95% CI 1.19-3.98) were the
only independent predictors of an SWE value of 8.0 kPa or
greater (Table 3). Independent predictors of the need for
hepatology referral were similar to those in the model pre-
dicting an SWE value of 8.0 kPa or greater: patients with
obesity had a threefold higher risk of needing a hepatology
referral (adjusted OR 2.94, 95% CI 1.85-4.69), and patients
with type 2 diabetes and hypertension had a twofold higher

risk (adjusted OR 2.33, 95% CI 1.50-3.63, and adjusted OR
2.38,95% CI 1.62-3.50, respectively) (Table 3).

We report findings from a large North American primary
care-based cohort of patients with NAFLD assessed for ele-
vated liver stiffness values with a primary care-based NAFLD
clinical pathway implementing SWE to evaluate liver fibrosis
risk. We used this pathway to differentiate patients at low risk
for advanced fibrosis, who do not require hepatology referral,
from those who are at risk and could potentially benefit from
hepatology referral. Overall, 3.4% of patients with NAFLD
in our cohort had an SWE value of 8.0 kPa or greater, sug-
gesting they were at risk for advanced liver fibrosis, and 5.1%
had an inconclusive SWE assessment.

Similar to previous studies,” the higher rate of inconclu-
sive SWE results was related mainly to class III obesity (body
mass index > 40). Therefore, the CN-CCP identified 8.5% of
our total NAFLD cohort potentially at risk for advanced
fibrosis who required a liver specialist referral, and averted
hepatology referral for more than 90% of patients with
NAFLD who would otherwise have required assessment by
hepatology before the pathway was implemented.

Few studies have reported on the prevalence of NAFLD-
related elevated liver stiffness in the general population.’**’
Caballerfa and colleagues?® found that 5.8% of a Spanish
population had liver stiffness, as determined by a transient
elastography result greater than 8.0 kPa; the majority of
patients had NAFLD. In contrast, Koehler and colleagues**
reported a prevalence of liver stiffness of 8.4% with the same
cut-off value in a Dutch population. However, in both
studies, transient elastography was used to measure liver stiff-
ness for estimating liver fibrosis.

Transient elastography, and SWE and ultrasonography are
modalities commonly used to assess liver fibrosis.” These
techniques are well validated in patients with NAFLD.!517.28.29

Table 3: Independent predictors of shear wave elastography result of 8 kPa or greater and need for hepatology referral*

Predictors of SWE value > 8 kPa,

Predictors of inconclusive result or SWE value

OR (95% Cl)

> 8 kPa, OR (95% Cl)

Multivariate model

Univariate analysis

Multivariate model

baseline

Elevated ALT or AST level at

Body mass index > 30
Diabetes mellitus type 2
Impaired fasting glucose

Hypertension

Characteristic Univariate analysis
Age > 60 yr 2.05 (1.26-3.34)
Female sex 1.68 (1.00-2.80)

1.61 (0.97-2.68)

2.11 (1.10-4.04)
3.42 (2.09-5.60)
0.42 (0.22-0.79)
2.36 (1.43-3.89)

1.33 (0.75-2.37)
1.40 (0.80-2.48)
NS

1.93 (1.01-3.75)
2.22 (1.13-4.36)
0.75 (0.33-1.67)
2.18 (1.19-3.98)

1.49 (1.08-2.05)
1.28 (0.93-1.77)
0.96 (0.70-1.32)

3.19 (2.02-5.06)
3.10 (2.24-4.27)
0.52 (0.35-0.76)
2.61 (1.88-3.62)

0.88 (0.60-1.31)
1.14 (0.79-1.64)
NS

2.94 (1.85-4.69)
2.33 (1.50-3.63)
0.91 (0.55-1.49)
2.38 (1.62-3.50)

Note: ALT = alanine aminotransferase, AST = aspartate aminotransferase, Cl = confidence interval, NS = not significant in univariate analysis, OR = odds ratio, SWE =
shear wave elastography.
*Adjusted for age and sex in multivariate models even if either variable was not significant in univariate models.
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A recent meta-analysis by Hermann and colleagues!’ showed
that, in 156 patients with NAFLD, with the use of liver biopsy
as the gold standard, SWE performance was equivalent to
that of transient elastography, with a small gain in area under
the receiver operating characteristic curve for all stages of
fibrosis.

We chose an SWE cut-off value of 8.0 kPa, as this cut-off
has previously shown excellent performance for ruling out
advanced liver fibrosis (sensitivity 91%, negative predictive
value > 95%).131517 Therefore, we used this SWE cut-off to
identify patients with NAFLD at low risk for advanced liver
fibrosis, allowing the pathway to direct further focused inves-
tigation in patients at risk, recognizing that an SWE cut-off of
8.0 kPa alone has a positive predictive value greater than 75%
for identifying patients with NAFLD with advanced fibrosis
(this may be lower in a low-prevalence community setting).?
In our cohort, obesity, type 2 diabetes and hypertension were
the only independent predictors for an SWE value of 8.0 kPa
or greater. These findings suggest that stratification of
patients with NAFLD for risk of advanced liver fibrosis may
benefit from targeting patients with these comorbidities.

Almost one-third (31.6%) of our patients had an FIB-4
index score greater than 1.30, previously shown to have a neg-
ative predictive value of more than 90% for ruling out
advanced fibrosis.”* Choosing higher cut-off values for the
FIB-4 index score would lead to a higher positive predictive
value but lower negative predictive value.!**%3! This is similar
to the proportion of patients with NAFLD in a British pri-
mary care setting who had an FIB-4 index score greater than
1.30, 30%.%* Although not the focus of this paper, a cost—
utility analysis could be conducted comparing SWE results to
noninvasive serum fibrosis scores to risk stratify patients with
NAFLD.

Shear wave elastography technology is readily applied to
most commonly used ultrasonography machines. Our SWE-
driven NAFLD pathway decreased primary care referral of
patients with NAFLD at low risk to hepatology by more than
90%. This type of triaging of patients with NAFLD within
primary care, before specialist referral, will be critical for deal-
ing with the huge and growing burden of patients with
NAFLD, allowing streamlined specialist referral for patients
at risk for advanced liver fibrosis who may benefit from
aggressive intervention targeted at their liver disease.

Furthermore, our study provides data on performance of
diagnostic tools for assessing NAFLD. Recent guidelines
urged that studies like ours be performed to evaluate the feas-
ibility of routine evaluation for NAFLD in primary care,*’
especially with the expected availability of pharmacologic
treatment options for patients with NAFLD with advanced
fibrosis in the near future.

Limitations

To allow for easier implementation of the NAFLD pathway,
we provided guidance to primary care physicians without strict
criteria or incentives to assess only patients with suspected
NAFLD. Therefore, most of our type 2 diabetes cohort had
NAFLD, since primary care physicians often referred patients
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with type 2 diabetes who had previous incidental findings of
fatty liver for SWE. Similarly, we could calculate FIB-4 index
scores only for about two-thirds of our cohort, as primary care
physicians in Calgary historically have been discouraged from
routinely ordering AST measurement. However, this did not
affect our results, as there were no significant differences
between patients with NAFLD with available FIB-4 index
scores and those without.

Although this was a large primary care-based cohort, only
67 patients had an SWE value of 8 kPa or greater. Future
studies with larger samples would be more precise in identify-
ing predictors of elevated liver stiffness.

Currently, SWE is available only in some urban radiologic
centres. Furthermore, appropriate training of radiologists and
technologists, and the establishment of a proper reporting
system are required before SWE can be implemented on a
wider scale. We suggest that each jurisdiction implement a
pathway to risk stratify patients with NAFLD by means of
serum-based or radiologic modalities, or both, based on
locally available resources.

Our study aim was to evaluate patients with NAFLD for
risk of advanced fibrosis at a specific point in time. Future
longitudinal studies are warranted to evaluate patients with
NAFLD prospectively and report disease progression among
patients at low risk.

Conclusion

We show the feasibility of implementing a primary care—
based clinical care pathway using SWE that facilitates stream-
lining of specialist referral of patients with NAFLD at risk for
advanced liver fibrosis. In our cohort, 8.5% of patients with
NAFLD had elevated liver stiffness or inconclusive results
and were referred to hepatology. Using a noninvasive measure
like the FIB-4 index would lead to higher rates of specialist
referral of patients with NAFLD at low risk for advanced liver
fibrosis. Our findings can be used to improve clinical care
approaches for evaluation of liver disease in patients with
NAFLD and for directing care of patients with NAFLD

based on fibrosis risk.
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