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Summary

Background: Liver fibrosis is often accompanied by steatosis, particularly in patients with

non-alcoholic fatty liver disease (NAFLD), and its non-invasive characterisation is of

utmost importance. Vibration-controlled transient elastography is the non-invasive

method of choice; however, recent research suggests that steatosis may influence its

diagnostic performance. Controlled Attenuation Parameter (CAP) added to transient elas-

tography enables simultaneous assessment of steatosis and fibrosis.

Aim: To determine how to use CAP in interpreting liver stiffness measurements.

Methods: This is a secondary analysis of data from an individual patient data meta-

analysis on CAP. The main exclusion criteria for the current analysis were unknown

aetiology, unreliable elastography measurement and data already used for the same

research question. Aetiology-specific liver stiffness measurement cut-offs were

determined and used to estimate positive and negative predictive values (PPV/NPV)

with logistic regression as functions of CAP.

Results: Two thousand and fifty eight patients fulfilled the inclusion criteria (37% women,

18% NAFLD/NASH, 42% HBV, 40% HCV, 51% significant fibrosis ≥ F2). Youden optimised

cut-offs were only sufficient for ruling out cirrhosis (NPV of 98%). With sensitivity and speci-

ficity-optimised cut-offs, NPV for ruling out significant fibrosis was moderate (70%) and could

be improved slightly through consideration of CAP. PPV for significant fibrosis and cirrhosis

were 68% and 55% respectively, despite specificity-optimised cut-offs for cirrhosis.

Conclusions: Liver stiffness measurement values below aetiology-specific cut-offs are

very useful for ruling out cirrhosis, and to a lesser extent for ruling out significant fibro-

sis. In the case of the latter, Controlled Attenuation Parameter can improve interpreta-

tion slightly. Even if cut-offs are very high, liver stiffness measurements are not very

reliable for ruling in fibrosis or cirrhosis.
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1 | INTRODUCTION

Liver stiffness measurement (LSM) has quickly grown to become an

established first-line tool for assessment of liver fibrosis, especially

vibration-controlled transient elastography (VCTE).1,2 It is considered

quite accurate for ruling out advanced stages of fibrosis or cirrhosis,

but less so for ruling them in.3 The diagnostic performance is known

to be affected by a number of factors, and protocols have been

devised for minimising their influence, eg, measurements should be

made after fasting4 and B-mode ultrasound should be performed to

exclude patients with biliary obstruction or congestive hepatopathy.3

In addition, aetiology and inflammatory activity must be taken into

account when interpreting liver stiffness measurements.

Fatty liver is commonly related to prevalent aetiologies and may

drive disease progression.5,6 This is particularly relevant for non-alco-

holic fatty liver disease or steatohepatitis (NAFLD/NASH), with dra-

matically increasing numbers as a result of the obesity pandemic.7,8

Current research suggests that fatty liver can lessen LSM accuracy9

and modify cut-offs.10 Non-invasive surrogates of steatosis staging

such as bright echo pattern in conventional ultrasound might help in

interpreting results.11 With the advent of Controlled Attenuation

Parameter (CAP) – an ultrasound-based quantitative estimate of hep-

atic fat incorporated in VCTE – consideration of steatosis in real-

time is facilitated.12 A CAP-based algorithm was explored by Petta

et al for use in patients with non-alcoholic fatty liver disease

(NAFLD).13 There is some debate, however, regarding various

sources of bias,14 patient selection and methodological issues.15

To clarify these issues, and explore aetiology-specific aspects of

the putative connection between LSM and CAP, we performed a

secondary analysis of individual patient data provided by authors of

19 papers that had originally been collected for determining opti-

mised CAP cut-offs.16

2 | PATIENTS AND METHODS

2.1 | Paper and patient selection

This study is a secondary analysis using the database established for

conducting an individual patient data meta-analysis (IPDMA) of Con-

trolled Attenuation Parameter accuracy. The analysis was approved

by the local ethics committee (331/16-ek) and registered prior to

starting the analysis (PROSPERO 2016: CRD42016046271). Studies

published up to May 2015 were included if CAP measurements were

performed with the Fibroscan M-probe and liver biopsies taken.

Measurements with the Fibroscan XL-probe were not considered.

Roughly speaking, patients were excluded if the body mass index

(BMI) was > 35 kg/m² and if the time interval between biopsy and

CAP measurement was > 30 days.16 In the current analysis, patients

were further excluded if they had been used for publications on a

similar research question, if fibrosis staging was unavailable, if the

liver stiffness measurements were unreliable according to established

criteria ( < 10 valid measurements, ratio of median to interquartile

range ≥ 0.3),1,3 if aminotransferases were equal to or above 5 times

the upper limit of normal, or the aetiology was unknown.

2.2 | Steatosis grading and fibrosis staging

As already described,16 steatosis was defined according to the num-

ber of affected hepatocytes: S0 ( < 5% or 10% depending on the

trial), S1 (5% or 10%-33%), S2 (34%-66%) and S3 ( > 66%). Fibrosis

was staged from F0 to F4 according to the Metavir or Kleiner score,

as appropriate.17,18 If the original publication used fibrosis staging

according to Ishak,19 then the following transformation was used:

Ishak F0 = Metavir F0; Ishak F1 = Metavir F1; Ishak F2/3 = Metavir

F2; Ishak F4 = Metavir F3; Ishak F5/6 = Metavir F4.

2.3 | Objectives of the study

The primary objective is to analyse the influence of steatosis either

defined by histology or Controlled Attenuation Parameter on the per-

formance of liver stiffness measurements for distinguishing significant

liver fibrosis ( ≥ F2) from mild or non-existent stages. Secondary

objectives are determination of disease-specific cut-offs for detection

of significant fibrosis, advanced fibrosis ( ≥ F3) and cirrhosis (F4) and

analysis of ruling out and ruling in fibrosis/cirrhosis. The initial goal of

analysing inflammatory activity could not be performed due to lack of

harmonised histological data, but high aminotransferases, indicating

inflammatory activity, were part of the exclusion criteria.

2.4 | Statistical methods

All analyses were performed with the software R version 3.3.3.20

Receiver operating characteristic (ROC) analyses made use of the

pROC package21 and optimal cut-offs were determined by maximis-

ing the Youden index or applying the minimum criterion of 90% for

sensitivity or specificity. Since very wide ranges of cut-offs have

been published,3 we chose optimisations resulting in particularly low

ones when optimising negative predictive values (NPV) and high

ones for positive predictive values (PPV). LSM was always treated

on a logarithmic scale and P-values from linear models comparing

multiple groups were corrected using the Bonferroni-Holm method.

A linear mixed-model was used with liver stiffness measurement

results as the dependent variable and fibrosis staging, aetiology,

steatosis grading, CAP, age, sex, BMI and inflammation status as

fixed effects with the trial (ie, “centre effects”) as a random term and

where P-values for the fixed effects are taken from a Wald chi-

square test.

Logistic regression was used to provide estimates and confidence

intervals for predictive values and for correct classification of fibrosis

stages. In particular, the histologically determined fibrosis category

was taken as the dependent variable with the aetiology-specific

LSM-based classification and the CAP value as independent vari-

ables, including a quadratic term for CAP when necessary. The

regression model yields estimates that can be used to determine a
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probability given a positive/negative LSM result and a particular CAP

value, which can be interpreted as a PPV/NPV. Prevalence was

taken into account using Bayes’ theorem and the observed values of

sensitivity and specificity. Smoothing splines were used as a sensitiv-

ity analysis to the curves provided by logistic regression.

3 | RESULTS

Of the initial 2735 patients included in the primary analysis of the

CAP-IPDMA, 2058 remained for the current analysis after applying

additional exclusion criteria, Figure 1. Note that 140 patients used

by Petta et al13 to address similar questions to those of the pre-

sent work were excluded from the analysis. Patient characteristics

are presented in Table 1. Of note is the high prevalence of patients

with significant fibrosis or cirrhosis (51%). Patient characteristics

according to geographic location of the study centre can be found

in Table S2.

3.1 | Aetiology-specific liver stiffness measurement
cut-offs optimising the Youden index

Significant fibrosis (F2-4) was distinguished from absent or mild

fibrosis (F0-1) at the optimal cut-offs of 8.4 kPa (AUC 0.80, SE 0.68,

SP 0.80) for NAFLD/NASH, 8.2 kPa (AUC 0.77, SE 0.59, SP 0.83)

for HBV and 7.2 kPa (AUC 0.83, SE 0.70, SP 0.82) for HCV.

Cirrhosis (F4) was distinguished from the remainder (F0-3) at the

optimal cut-offs of 13.2 kPa (AUC 0.87, SE 0.84, SP 0.88) for

NAFLD/NASH, 10.8 kPa (AUC 0.86, SE 0.77, SP 0.80) for HBV and

10.2 kPa (AUC 0.94, SE 0.89, SP 0.87) for HCV.

See Table S1 for further details including optimisation with other

criteria and the incorporation of ALT and AST and the cut-offs for

F0-2 vs F3-4, which can be relevant for prognosis.

3.2 | Dependence of liver stiffness measurements
on biopsy-based steatosis

As a first step, the dependence of LSM values on biopsy-based

steatosis grading was analysed. Small, but significant elevations in

LSM were seen for higher steatosis stages. For absent or mild fibro-

sis, LSM values in patients with steatosis stages S2 or S3 were a

Unique for this analysis (n = 2595)

Fibrosis staging unavailable (n = 48)

Complete histology (n = 2547)

Aminotransferases ≥5 ULN (n = 31)

Reliable TE (n = 2333)

Analysed (n = 2058)

Unknown etiology (n = 144)

Unreliable LSM measurement (n = 214)

Aminotransferases <5 ULN (n = 2202)

CAP-IPDMA data base (n = 2735)
♦ valid CAP measurement with M-probe
♦ histologically determined steatosis grading available
♦ ≤30 days between TE and biopsy
♦ BMI ≤35 kg/m2 or skin-to-liver capsule distance ≤25 mm

Used for similar research question (n = 140)

F IGURE 1 Flowchart of the patients included in the final
analysis. CAP, Controlled Attenuation Parameter; IPDMA, individual
patient data meta-analysis; LSM, liver stiffness measurement; TE,
transient elastography; ULN, upper limit of normal

TABLE 1 Patient characteristics

NAFLD/NASH
(n = 372)

HBV
(n = 871)

HCV
(n = 815)

Female 127 (34%) 295 (34%) 337 (41%)

Age (y) 47 � 13 39 � 12 48 � 12

BMI (kg/m2) 27 � 4 24 � 4 25 � 4

Fibrosis (biopsy)

F0 85 (23%) 104 (12%) 52 (6%)

F1 144 (39%) 308 (35%) 318 (39%)

F2 67 (18%) 294 (34%) 228 (28%)

F3 51 (14%) 81 (9%) 94 (12%)

F4 25 (7%) 84 (10%) 123 (15%)

Steatosis (biopsy)

S0 33 (9%) 515 (59%) 495 (61%)

S1 128 (34%) 257 (30%) 205 (25%)

S2 155 (42%) 74 (8%) 87 (11%)

S3 56 (15%) 25 (3%) 28 (3%)

VCTE (kPa) 7.2 [5.4, 10.4] 7.0 [5.3, 11.0] 8.8 [5.1, 10.2]

cut-offa

(F0-1 vs F2-4)

8.4 8.2 7.2

cut-offa

(F0-3 vs F4)

13.2 10.8 10.2

CAP (dB/m) 307 [262, 338] 229 [196, 262] 222 [193, 260]

Numbers are counts (percentages), mean � standard deviations or med-

ian [interquartile range].

BMI, body mass index; HBV, hepatitis B; HBC, hepatitis C; CAP, con-

trolled attenuation parameter; NAFLD/NASH, non-alcoholic fatty liver

disease/steatohepatitis; VCTE, vibration-controlled transient elastogra-

phy.
aCut-offs found by optimising the Youden index.
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factor 1.14 (95% CI 1.08 to 1.20, P < 0.001) higher than those with

steatosis stages S0 or S1. The corresponding difference in patients

with more advanced fibrosis stages was 1.15 (1.04 to 1.27,

P = 0.0050), Figure 2A. When considering NAFLD/NASH alone, a

similar result was observed for absent or mild fibrosis, but not for

more advanced stages, Figure 2B. These results also hold upon taking

into account the slightly different relative proportions of individual

fibrosis stages between the S0-S1 and the S2-S3 groups. Linear

mixed models, however, do not indicate that steatosis has a signifi-

cant influence on LSM after taking covariates other than CAP into

account (P = 0.056), though the effect becomes significant when

comparing S0-S1 with S2-S3 (P = 0.023). Upon including CAP, the

effect of steatosis vanishes (P = 0.71) and, although CAP is significant

(P = 0.0063), the incremental increase in LSM values is only by a fac-

tor 1.0067 (1.0019 to 1.0116) for an increase in CAP by 10 dB/m.

Similarly small elevations in LSM values were seen in HBV and

HCV patients with steatosis grades S2 and S3 compared to S0 and

S1, though only significantly so for F2-4 HCV patients.

This qualitative behaviour is also seen when detecting advanced

fibrosis or cirrhosis. Significant differences may, sometimes, be seen

between steatosis grades, but they are always very small (Figure S1

and Figure S2).

3.3 | Effect of CAP on correct LSM-classification of
fibrosis/cirrhosis

Clearly, interpretation of a non-invasive determination of liver fibro-

sis should not rely on a biopsy-based characterisation of steatosis.

Therefore, as a second step, we analysed whether CAP can be used

to increase the diagnostic performance of LSM. For the entire popu-

lation, LSM correctly classified 1509 (73%) of the patients as F0-1

vs F2-4 using aetiology-specific, Youden index optimised cut-offs,

Figure 3. The overall result was very similar for NAFLD/NASH

patients, where 279 (75%) were correctly classified. The probability

of correct classification is independent of the CAP value (P = 0.45

for all patients, P = 0.66 for NAFLD/NASH patients). For example,
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F0−F1 F2−F4

S0−S1
S2−S3 punivariate < 0.001

(A)

(B)

pmultivariate =0.0098

punivariate = 0.005

pmultivariate = 0.18

n = 798 213 835 212

All patients

F0−F1 F2−F4

S0−S1
S2−S3

punivariate = 0.028

pmultivariate = 0.076

punivariate = 0.26

pmultivariate = 0.18

n = 91 138 70 73

NAFLD/NASH patients

F IGURE 2 Impact of histologically
determined steatosis grade on liver
stiffness according to fibrosis stages. The
univariate analysis is based on a t test and
the multivariate analysis on a linear mixed
model with aetiology, age, sex and body
mass index as covariates and the study as
a random effect. A Bonferroni-Holm
correction was used. NAFLD/NASH, non-
alcoholic fatty liver disease/steatohepatitis
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the probability of correct classification in all patients is 73% at a

CAP value of 200 dB/m compared to 75% at 350 dB/m.

The probability of correct classification of cirrhosis is 84% and

does not depend on CAP values (P = 0.81), Figure S3. Since only 25

NAFLD/NASH patients have cirrhosis, we refrained from performing

the analogous analysis. In contrast, there was a significant impact of

CAP on classification of F0-2 vs F3-4 (P = 0.0072), though the

impact is small: at CAP values of 200 dB/m, 75% are correctly classi-

fied compared to 82% at 350 dB/m.

3.4 | Effect of CAP on ruling out fibrosis/cirrhosis
using LSM

Ruling out fibrosis or cirrhosis is of particular clinical relevance,

implying that the negative predictive value must be high.

For ruling out fibrosis in our cohort, NPV was found to be 69%

(67% to 72%) at the observed prevalence of 50%, but would reach

88% and 95% at a prevalence of 25% and 10%, respectively. A fairly

strong and nonlinear dependence on CAP was seen (P < 0.001), where

NPV increased from 66% at 200 dB/m to 81% at 350 dB/m and

where a noticeable increase in NPV begins at about 250 dB/m, Fig-

ure 4A. For NAFLD/NASH alone, 211 patients can be analysed, who

have CAP values compatible with presence of steatosis ( > 200 dB/

m). NPV was 79% for 200 dB/m and 85% at 350 dB/m, but the CAP

dependence was not significant (P = 0.33), Figure S4A. Fibrosis can be

ruled out more effectively by choosing cut-offs that require high sensi-

tivity (Table S1), but this results in values that exclude most patients,

eg, in our data only 342 patients (17%) are below this cut-off. Using

ALT and AST optimised cut-offs, 781 (38%) of the patients are below

the cut-off and, at our prevalence, we find an NPV of 70%.

To rule out cirrhosis in our cohort, NPV is 98% (97% to 98%).

There is a nonsignificant dependence on CAP (P = 0.21), which

remains high for all CAP values, eg, it is 97.8% at 200 dB/m and 98.2%

at 350 dB/m, Figure 4B. Even for those above the optimised cut-off, a

large proportion of patients may not have cirrhosis. Introducing speci-

ficity-optimised cut-offs results in a “grey zone” for LSM values in
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KARLAS ET AL. | 993



which the NPV for ruling out cirrhosis is 80% and increases from 77%

at a CAP value of 250 dB/m, but reaches 85% for 350 dB/m.

The NPV for ruling out advanced fibrosis (F3-4) is 94% (93% to

95%) in our cohort. Although the CAP dependence is nominally sig-

nificant (P = 0.018), NPV changes only from 94.3% at a CAP value

of 200 dB/m to 95.5% at 350 dB/m.

3.5 | Effect of CAP on detecting fibrosis/cirrhosis
using LSM

In another common scenario, LSM is used to “diagnose” fibrosis or

cirrhosis and one must contend with false-positive findings. This too

is highly dependent on prevalence. PPV for detecting fibrosis was

found to be 79% (76% to 82%) at the observed prevalence of 50%,

but falls dramatically to 55% and 29% at a prevalence of 25% and

10% respectively. There is a significant linear dependence on CAP

(P < 0.001) with PPV of 82% for 200 dB/m and 74% at 350 dB/m,

Figure 5A. For NAFLD/NASH patients, the CAP dependence is not

significant (P = 0.33) although PPV falls a similar amount from 72%

to 63% when progressing from 200 to 350 dB/m.

Cirrhosis detection for all aetiologies has a PPV of only 40% (36

to 44)% and does not depend significantly on CAP (P = 0.21) with

PPV changing from 42% to 36% at 200 and 350 dB/m respectively,

Figure 5C. Examples of aetiology-specific PPV at high LSM values

can be found in Figure 5B and 5D. These results do not change

meaningfully if patients with BMI > 30 kg/m2 are excluded or if

models with BMI as a covariate are considered. PPV for detecting

F3-4 is only 53% (50% to 57%) in our cohort.

Even specificity-optimised cut-offs for cirrhosis, which can be as

high as 17.7 kPa for HBV patients (Table S1), result in PPV of 55%

for detecting cirrhosis and is almost independent of CAP, ranging

from 55% at a value of 200 dB/m to 53% at 350 dB/m. Considering

patients with LSM values above the ALT and AST optimised cut-off

for fibrosis and below the specificity cut-off for cirrhosis, the PPV
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for detecting significant fibrosis is 68%. It ranges from 71% for a

CAP value of 200 dB/m to 62% for a value of 350 dB/m.

3.6 | Diagnostic Flowchart using LSM and
accounting for aetiology, ALT, AST and CAP

The above results suggest that LSM be optimised for ruling out cir-

rhosis and, if possible, significant fibrosis, but imply that “ruling in”

will be of limited value. Results can be improved by using specificity-

optimised cut-offs and the resulting flowchart is presented in Fig-

ure 6. The precise performance will depend strongly on prevalence,

but for our cohort, this strategy implied 98% NPV for ruling out cir-

rhosis, but only 55% PPV for “fairly probable” cirrhosis. The chance

of cirrhosis is “quite low” (80% NPV) in a further group with LSM in

a grey zone. The chance of significant fibrosis is also “low” (NPV of

70%) for patients below the ALT and AST optimised cut-off. Neither

fibrosis nor cirrhosis can be ruled in with acceptable certainties (PPV

of 68% or 55%), despite very high, specificity-optimised cut-offs.

The particular values of NPV and PPV will depend on prevalence,

but the qualitative statements in the flowchart hold for a wide range

of scenarios. A very similar picture emerges when ruling out

advanced fibrosis, and the corresponding flowchart is presented in

Figure S6.

4 | DISCUSSION

This paper provides aetiology-specific cut-offs from a very large

cohort and confirms that LSM is a highly accurate tool for ruling out

cirrhosis. This holds independent of the CAP value. Significant fibro-

sis can be ruled out with sufficient certainty only in populations with

low prevalence and consideration of CAP can improve the negative

predictive value slightly. The accuracy of LSM for detecting signifi-

cant fibrosis, advanced fibrosis or cirrhosis is limited, due to high

false-positive rates, which is especially true for large CAP values.

These results have been summarised in diagnostic flowcharts to

facilitate interpretation of LSM in clinical practice.

There is growing pressure to develop reliable tools for screen-

ing programs in large populations aimed at detecting fibrosis.22 The

current standard for non-invasive assessment is vibration-controlled

High CAP values imply somewhat lower risk of fibrosis/cirrhosis.

Slight Relevance of CAP for LSM interpretation Negligible

Optimal cut-off:

• NAFLD 8.4 kPa

• HBV 8.0 kPa*

• HCV 6.6 kPa*

Liver stiffness measurement

ALT/AST < 5x ULN

Cirrhosis?

Optimal cut-off:
• NAFLD 13.2 kPa
• HBV 10.8 kPa
• HCV 10.2 kPa

Ruled out

Significant fibrosis (≥F2)?

Cut-off for
90% specificity:
• NAFLD 14.6 kPa
• HBV 17.7 kPa*
• HCV 13.8 kPa*

Really cirrhosis ?

Fairly probableChances quite low

Further evaluation unavoidable. 

Consider ALT/AST elevation. 

Use independent non-invasive 

test or biopsy.
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if clinical doubt.
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F IGURE 6 Proposed diagnostic flowchart for liver stiffness measurements taking into account aetiology, transaminase values and CAP. For
the relevant fibrosis cut-off, the sum of sensitivity and specificity (Youden index) were optimised, whereas for positive predictive values (PPV),
90% specificity was required. The asterisk indicates that elevated and normal ALT/AST for HBV/HCV were considered and the lower (higher)
cut-off for NPV (PPV) was chosen. See Table S1 for more details on cut-offs. ALT, alanine transaminase; AST, aspartate transaminase; HBV,
hepatitis B; HCV, hepatitis C; NAFLD, non-alcoholic fatty liver disease
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transient elastography, which has already been adopted by interna-

tional guidelines.1,2,7,23 Accurate measurement and interpretation

rely on consideration of aetiology, inflammatory activity and other

covariates,3 whereas the relevance of steatosis has been a matter

of debate.10,13-15,24,25 In a large, biopsy controlled NAFLD cohort,

Petta et al concluded that CAP should be used to gauge the risk

of false-positive LSM results and propose a diagnostic flowchart.13

We show that steatosis does indeed affect mean LSM values

slightly and confirm that CAP can be used as a surrogate in inter-

preting LSM measurements, but qualify the recommendations from

Petta et al in important ways. For one thing, CAP does not suffi-

ciently help increase the probability of correct fibrosis classification

for clinical use. Moreover, when focusing on ruling out cirrhosis,

consideration of CAP is unnecessary, but does indeed lead to

slightly higher negative predictive values for ruling out significant

fibrosis. More specifically, aetiology, prevalence and CAP should

be taken into account, particularly above a threshold of about

250 dB/m, which also arose as an optimal cut-off for detecting

steatosis in this cohort.16

We choose to focus on positive and negative predictive values

(PPV/NPV), since these are what the clinician needs to act upon,

and note the prevalence dependence inherent in them. Other mea-

sures of diagnostic precision such as likelihood ratios and areas

under the curve are also precisely interpretable, but do not have

such immediate bearing on the clinical decision to be made: the PPV

(NPV) is precisely the probability that the patient is sick (healthy),

given the test result. In the context of LSM, false-positive results

lead to reduced PPV, which indeed falls with increasing CAP, but is

never high enough to warrant a definite diagnosis. Thus, CAP will

not greatly influence the consequences of a positive/increased LSM

result, since a positive fibrosis or cirrhosis diagnosis cannot be made

on the basis of LSM alone.

The low PPV we observed despite having excluded advanced

obesity and patients with severe hepatic inflammation may seem

surprising at first. However, a comprehensive meta-analysis26

demonstrated that diagnostic performance for detection of cirrhosis

depends significantly on aetiology and country of origin and found

an AUC of 0.94 and optimal cut-off, sensitivity and specificity of

13 kPa, 0.92 and 0.89 respectively, implying a PPV of 51% at our

observed prevalence of 11%. This meta-analysis contained primarily

HCV patients and its results concur quite well with our correspond-

ing AUC of 0.94 and optimal sensitivity and specificity of 0.89 and

0.87. The cut-off chosen depends greatly on choice of optimisation

and we recommended 10.2 kPa for ruling out cirrhosis in HCV

patients, but 13.8 kPa for “ruling it in”. A non-negligible proportion

of false-positive findings seems to be inherent to vibration-con-

trolled transient elastography (Figure S5), which becomes especially

relevant at low prevalence, eg, in the screening setting. This impor-

tant observation also holds for F0-F2 vs F3-F4 in a recently pub-

lished diagnostic flowchart that notes a “low risk of F3-F4 false

positive results” compared to higher risks at higher CAP values, but

also provides a PPV of only 76% even for the lowest CAP tertile.13

A recent study looking at various combinations of non-invasive

methods found comparable PPV for detecting F3-F4.27 The low PPV

indicates the need to develop and use a combination of methods to

detect fibrosis and (even more so) cirrhosis that rely on complemen-

tary and distinct principles.27-30

NPV could be increased for ruling out fibrosis by choosing sensi-

tivity optimised cut-offs. This, however, would result in extremely

low cut-offs well into the normal range, would only include a small

fraction of the population of interest and would still not provide

extremely high NPVs. Hence, we chose a less extreme optimisation

strategy when choosing the respective cut-offs. No universally

accepted cut-offs are available3 and given the size of our cohort, it

was considered appropriate to use those we determined despite

slight overestimations regarding clinical performance. For the basic

approach of the flowchart proposed, the precise choice of cut-off

will have only minor consequences.

An important strength of the current analysis is the well-charac-

terised biopsy controlled LSM cohort, which is one of the largest

whatsoever. Data come from many countries around the world com-

prising three major aetiologies of chronic liver disease: NAFLD, HBV

and HCV. Patients at risk of unreliable results were excluded, as

were invalid measurements. Care was taken to ensure that published

evidence was not artificially “enhanced” by basing conclusions on

those same patients. The cut-offs derived from this large cohort of

individual data with rigorous exclusion criteria confirm results from

many smaller studies.

One weaknesses of the analysis is that it relies on a database

collected for assessing CAP alone and not LSM. As such, it is not a

meta-analysis, since studies were not selected for the purposes of

this analysis, but for the evaluation of CAP. On the other hand, this

suggests that the data are more representative of clinical routine

than is to be expected from a dedicated “LSM study”. However, the

sparse data available for aetiologies such as alcoholic and auto-

immune/cholestatic liver disease mean that a proportion of patients

are underrepresented. This is a void in research that should be filled,

though care must be taken to account for specific LSM characteris-

tics of differing aetiologies. Optimising cut-offs and applying them to

one and the same cohort is known to lead to overoptimistic esti-

mates. Here, we applied the strategy of adopting a wide “grey zone”,

so as to have good PPV and NPV, and do not rely on precise optimi-

sation. An inherent fact when collecting individual patient data

worldwide is that histological evaluation and biopsy quality may dif-

fer between sites as was pointed out in the primary paper, which

may be even more relevant in fibrosis staging and requires conver-

sion between scoring systems.16 This and further limitations can and

have been treated as centre effects in statistical models, but suffer

from uncertainties regarding what can be attributed to differences

between centres and what between aetiologies. Spectrum bias may

also imply that the analyses here are appropriate given current medi-

cal practice, but may have to be reconsidered in a screening setting

or in situations in which the case-mix differs notably from what was

available in our data. An LSM cut-off is not strictly speaking neces-

sary, and much information can be gained by taking into account the

precise value of a measurement, see eg, Thiele et al31 Such analyses
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go beyond the scope of this paper, however, which orients itself to

clinical routine. CAP may be considered an imperfect surrogate for

steatosis modulated by further metabolic factors16 with the advan-

tage of being a by-product of the LSM process. However, it can also

be regarded as a measure on its own, attaining value through its pre-

dictive power as opposed to its biological interpretation. Recently,

magnetic resonance (MR) elastography and spectroscopy have been

shown to be accurate alternatives for non-invasive fibrosis staging

and steatosis grading.32-34 We were unable to take this technology

into account because of lack of data at the time our database was

created in 2015. Beyond the technical precision of MR methods,

questions regarding clinical relevance, including the effects of preva-

lence and the efficient use of such resources still need to be

answered.35,36 The current analysis only included data from vibra-

tion-controlled transient elastography as opposed to further ultra-

sound-based elastography methods, but these lack an established

means of quantifying steatosis.3 Our database only includes data

from the M-probe, which thus also restricts the BMI range that can

be considered. Moreover, data were not always available on skin to

liver capsule distance, which could be a relevant independent covari-

ate. Although the XL-probe enables examination of obese patients

for LSM,37 there are not yet sufficient data available nor is there

consensus regarding cut-offs to enable an IPDMA of comparable

scope at this point in time. In addition, XL-probe CAP was intro-

duced only recently38 and thus lacks sufficient evaluation. However,

the first comparisons indicate that the probes hardly differ regarding

CAP.39

Liver stiffness is a single number that cannot possibly replace a

multi-dimensional clinical examination. However, after taking into

account covariates, LSM provides an important guide for taking clini-

cal decisions, but the low PPV that prevails demonstrates that “false-

positives” findings are always an issue, regardless of how high the

LSM value may be. Furthermore, liver stiffness has been shown to

provide prognostic information beyond fibrosis staging alone1 imply-

ing that it is not always sound to refer to the histological staging

and grading as the gold standard.40

In conclusion, liver stiffness measurement values below aetiol-

ogy-specific cut-offs are very useful for ruling out cirrhosis and

advanced fibrosis and can help rule out significant fibrosis. High val-

ues alone are never sufficiently predictive to diagnose cirrhosis or

even significant fibrosis. Controlled Attenuation Parameter values

can be used to improve the interpretation of liver stiffness measure-

ment results only slightly. Our data indicate that CAP-guided LSM

will not be of major clinical relevance in routine practice.
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