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An estimated one in 10 Canadians have some form of liver disease 
(1). In adults, liver scarring (ie, fibrosis) is commonly caused by 

the hepatitis B virus (HBV), hepatitis C virus (HCV), nonalcoholic 
fatty liver disease (NAFLD), cholestatic liver diseases and complica-
tions following liver transplantation (2). Over time, progressive fibro-
sis can lead to cirrhosis, in which hepatic blood flow becomes disrupted 
and liver function may become impaired. Cirrhosis can lead to portal 
hypertension, liver failure and hepatocellular carcinoma (HCC) (3). 
Cirrhosis and HCC are now among the top 10 causes of death world-
wide, with cirrhosis being one of the top five causes of death in middle-
age populations in developing countries (4,5).

Early diagnosis and an accurate assessment of a patient’s fibro-
sis stage are vital in establishing an effective course of treatment. 
Presently, the reference standard for the assessment of liver fibrosis is 
biopsy; however, there are risks associated with the procedure includ-
ing pain, hemorrhagic complications and death (6). Transient elastog-
raphy (TE) is an emerging ultrasound-based method for the staging 
of liver fibrosis (7). It is performed noninvasively and without the 
risks associated with liver biopsy (7). To date, no health technology 

assessment (HTA) evaluating the clinical and cost effectiveness of TE, 
compared with liver biopsy, has been conducted.

The objective of the present study was to complete an HTA of TE 
compared with liver biopsy in adult patients with chronic liver disease. 
The present study included a synthesis of the clinical evidence and an 
economic evaluation to inform the optimal scope of use of TE in this 
patient population.

Methods
Clinical effectiveness
Literature search: A systematic review of the literature published 
between 2001 and June 2011 was conducted. MEDLINE, PubMED, 
Cochrane Database of Systematic Reviews, Cochrane Central Register 
of Controlled Trials (CENTRAL), Embase, HTA Database, NHSEED, 
Database of Reviews of Effects (DARE), EconLit and the grey litera-
ture were searched. The search included original studies reporting on 
the effectiveness, risks, side effects and safety issues associated with 
TE, and TE’s diagnostic accuracy in staging and monitoring liver fibro-
sis. Search terms included “non-invasive”, “liver stiffness”, “FibroScan” 

review

©2013 Pulsus Group Inc. All rights reserved

R steadman, RP Myers, L Leggett, et al. A health technology 
assessment of transient elastography in adult liver disease. Can 
J Gastroenterol 2013;27(3):149-158.

BACkGRound: An estimated one in 10 Canadians have some form of 
liver disease. The reference standard for staging and monitoring liver 
fibrosis is percutaneous liver biopsy – an invasive procedure associated 
with risks and complications. Transient elastography (TE) represents a 
noninvasive, ultrasound-based alternative. 
oBJeCtive: To assess the efficacy of TE compared with liver biopsy 
for fibrosis staging in adults with five common types of liver disease: 
hepatitis B, hepatitis C, nonalcoholic fatty liver disease, cholestatic liver 
disease and complications post-liver transplantation.
Methods: A systematic review of published and grey literature from 
2001 to June 2011 was conducted. Included were observational studies 
evaluating the accuracy of TE using liver biopsy as the comparator. An 
economic model was developed to estimate the cost per correct diagno-
sis gained with liver biopsy compared with TE. Identification of moder-
ate fibrosis (stages 2 to 4) and cirrhosis (stage 4) were considered.
ResuLts: Fifty-seven studies were included in the review. The diag-
nostic accuracy of TE for the five clinical subgroups had sensitivities 
ranging from 0.67 to 0.92 and specificities ranging from 0.72 to 0.95. 
Liver biopsy was associated with an additional $1,427 to $7,030 per 
correct diagnosis gained compared with TE. The model was sensitive 
to the sensitivity and specificity of TE and the prevalence of fibrosis.
ConCLusions: TE is an accurate diagnostic method in patients 
with moderate fibrosis or cirrhosis. TE is less effective but less expen-
sive than liver biopsy. Systemic implementation of TE should be con-
sidered for the noninvasive assessment of liver fibrosis.
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une évaluation de la technologie de l’élastographie 
transitoire en cas de maladie hépatique chez l’adulte

histoRiQue : On estime qu’un Canadien sur dix est atteint d’une 
forme de maladie hépatique. La biopsie hépatique percutanée est la norme 
de référence pour établir le stade de la fibrose hépatique et en surveiller 
l’évolution. Il s’agit d’une intervention envahissante associée à des risques 
et à des complications. Un type d’échographie non envahissante, 
l’élastographie transitoire (ÉT), pourrait la remplacer.
oBJeCtiF : Évaluer l’efficacité de l’ÉT par rapport à la biopsie hépatique 
pour évaluer le stade de fibrose chez des adultes atteints de cinq types cou-
rants de maladie hépatique, soit l’hépatite B, l’hépatite C, la stéatose 
hépatique non alcoolique, la maladie cholestatique et les complications 
après une transplantation du foie.
MÉthodoLoGie : Les chercheurs ont procédé à une analyse 
bibliographique d’articles publiés et d’articles internes entre 2001 et juin 
2011. Ils y ont inclus des études d’observation évaluant la précision de 
l’ÉT et ont utilisé la biopsie hépatique comme élément comparatif. Ils ont 
élaboré un modèle économique pour évaluer le coût par bon diagnostic 
obtenu par biopsie hépatique par rapport à l’ÉT. Ils ont tenu compte du 
dépistage d’une fibrose modérée (stades 2 à 4) et d’une cirrhose (stade 4).
RÉsuLtAts : Les chercheurs ont inclus 57 études dans l’analyse. La 
précision diagnostique de l’ÉT dans les cinq sous-groupes cliniques présen-
tait une sensibilité de 0,67 à 0,92 et une spécificité de 0,72 à 0,95. La 
biopsie hépatique coûtait de 1 427 $ à 7 030 $ de plus que l’ÉT par bon 
diagnostic. Le modèle réagissait à la sensibilité et à la spécificité de l’ÉT 
ainsi qu’à la prévalence de fibrose.
ConCLusions : L’ÉT est une méthode diagnostique précise chez les 
patients atteints d’une fibrose modérée ou d’une cirrhose. Elle est moins 
efficace que la biopsie hépatique, mais moins coûteuse. Il faudrait en 
envisager l’adoption systémique pour l’évaluation non envahissante de la 
fibrose hépatique.
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(Echosens, France) and “fibrosis” (see Appendix I for the detailed 
search strategy).

inclusion and exclusion criteria
Studies were included if the age of the sample population was older 
than 18 years of age, had liver disease, TE was used, liver biopsy was 
the comparator, a cohort study, the study reported test sensitivity and 
specificity or negative and positive predictive values, or if sufficient 
data were reported to calculate the aforementioned measures of diag-
nostic test performance. Liver histological results were required to be 
reported using the METAVIR or similar classification system. Studies 
were excluded if they were nonhuman, duplicate publications, prelim-
inary reports, did not report sufficient data to formulate a contingency 
table, or if METAVIR or a similar system was not used. Language was 
restricted to English or French.

data abstraction
Data were extracted by two independent reviewers and any discrepan-
cies were resolved by consensus. A standardized data abstraction form 
was used to collect information on the study population (age, sex, clin-
ical condition and sample size), methods (randomized controlled trial 
[RCT] or cohort), interventions (TE with liver biopsy as the compara-
tor), outcomes (reported in kilopascal [kPa] and/or fibrosis stage [F]) and 
complications. Included studies were assessed using the Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS) quality 
assessment tool (Appendix II Table 1). The QUADAS tool consists of 
14 questions used to determine the quality and accuracy of studies 
included in systematic reviews of diagnostic accuracy (8).

statistical analysis
The three primary outcomes of interest were diagnostic test perform-
ance of TE for the differentiation of mild (F≤1) from moderate liver 
disease (F≥2), severe (F≥3) from moderate (F≥2), and cirrhosis (F=4) 
versus absence of cirrhosis (F≥3) compared with the reference standard 
of liver biopsy. Patients were classified based on reported fibrosis stage 
regardless of the kPa threshold used. Threshold values for each out-
come were described using the mean, SD and range. The primary 
meta-analysis was an overall analysis of all liver disease etiologies. A 
subgroup analysis was conducted for each of the five clinical subgroups 
defined a priori: HBV, HCV, NAFLD, cholestatic liver disease and 
post-liver transplantation. Sensitivity and specificity scores were 
extracted from each study and synthesized using the summary ROC 
curve (sROC) with confidence and prediction contours. Summary 
estimates of sensitivity, specificity and area under the sROC (AUROC) 
were calculated. Diagnostic accuracy was graded as follows: excellent 
0.9 to 1.0; strong 0.8 to 0.9; good 0.7 to 0.8; sufficient 0.6 to 0.7; poor 
0.5 to 0.6; and test not useful <0.5. Statistical analysis was performed 
using the MIDAS program with Stata (StataCorp, USA), which esti-
mates the summary statistics using an exact binomial rendition of the 
bivariate mixed-effects regression model (9,10). Heterogeneity was 
assessed using forest plots and Galbraith plots, and quantified using the 
I2 statistic, which is defined as the percentage of total variation across 
studies attributable to heterogeneity beyond that from chance (11,12). 
Publication bias was assessed using funnel plots and Egger and Begg’s 
test (13). Informed by the clinical literature, several potential sources 
of heterogeneity were examined including mean age, percentage of TE 
failures, mean body mass index, mean biopsy length, fibrosis preva-
lence, study size, year of publication and fibrosis stage threshold. An 
individual metaregression was completed for each of these parameters 
and those that were significant (P<0.10) were included in the multi-
variate model. Variables were manually entered in a stepwise approach 
and retained in the model if significant (P<0.05).

Cost-effectiveness analysis
A primary economic evaluation was completed using a simple decision 
model to assess the cost per correct diagnosis of TE compared with liver 
biopsy (Figure 1). According to this model, a patient would undergo 
either TE or liver biopsy. Fibrosis prevalence was used to represent the 

likelihood that the patient had liver fibrosis. Based on the diagnostic 
accuracy of TE, the patient was classified as a true positive, false posi-
tive, true negative or false negative. True positives and true negatives 
were considered to be correct diagnoses. In the base case scenario, 
patients who undergo TE do not continue to liver biopsy because 
the model only considers cost per ‘correct’ diagnosis. The impact of 
sequential liver biopsy was explored in a threshold analysis.

target population, comparators, perspective and time horizon
The economic model compared the number of correct diagnoses using 
TE versus liver biopsy. Following recommended guidelines, the per-
spective adopted was that of the health care payer (14). The time 
horizon was from screening to result of the test because only the cost 
per correct diagnosis was considered. The therapeutic and treatment 
outcomes for long-term care were not considered because it was 
unlikely that the use of TE or liver biopsy would affect these outcomes. 
No discounting was used due to the short time frame. The diagnostic 
accuracy and prevalence of fibrosis varies with each disease state; 
therefore, 15 target populations were identified: five clinical subgroups 
(HBV, HCV, NAFLD, cholestatic liver disease and liver transplant) 
combined with three fibrosis stages (F≥2, F≥3 and F=4). The input 
values varied with each subgroup.

Clinical inputs – diagnostic accuracy and fibrosis prevalence
The economic model assumed that the sensitivity and specificity of liver 
biopsy was 1.0 (perfect accuracy). Both the prevalence of fibrosis accord-
ing to disease and the diagnostic accuracy of TE were informed by clin-
ical meta-analysis. For each article, the prevalence of fibrosis was 
estimated by dividing the number of diseased by the total number tested. 
A weighted average was then calculated for each subgroup. The clinical 
meta-analysis provided the sensitivity and specificity for each subgroup.

Resource use and costs
All costs are reported in 2010 Canadian dollars. Costs were inflated 
using the Statistics Canada general consumer price index. Only direct 
health care costs were considered. Societal costs may differ between 
TE and liver biopsy. For example, there is an additional physician visit, 
prescreening bloodwork and additional time off work associated with 
liver biopsy. However, these costs were excluded from the analysis. 
Therefore, the overall cost of liver biopsy was underestimated. The 
cost of liver biopsy was $461.30 based on the available Canadian lit-
erature (7). For TE, the cost of the device, annual maintenance costs 
and the physician cost were included. In the base case, the cost of the 
device is amortized over an anticipated lifetime of seven years, with an 
annual utilization rate based on the 2010 average of three Canadian 
centres performing liver biopsy (7). The cost of TE was estimated to be 
$99.44 based on the assumptions outlined in Appendix II Table 2. 
Finally, the economic model assumed that all liver biopsies and TE 
procedures would be completed within the existing infrastructure; 
therefore, no capital costs were included in the model (ie, cost of oper-
ating room for liver biopsy, cost of maintaining the operating room, 
cost of room for TE device, etc).

variability and uncertainty
Various sensitivity analyses were completed to explore the impact of 
the assumptions on the cost per correct diagnosis. The published 
Canadian cost of liver biopsy was substantially lower than that 
reported in other countries. Thus, the costs of liver biopsy were varied 
to represent costs in the United States and Europe. The cost of the 
ultrasound machine was amortized over five and, subsequently, 10 years 
to explore the impact of varying the lifetime of a TE device. The annual 
utilization of TE was varied to reflect the impact of increased utiliza-
tion over time. In addition, a threshold analysis was conducted to 
determine the required likelihood of a patient undergoing liver biopsy 
after undergoing TE for TE to become the less economically attractive 
option (ie, the same cost as liver biopsy alone, but less clinically effect-
ive). Finally, because sensitivity, specificity and prevalence are linked 
concepts and cannot be varied independently, a probabilistic sensitivity 
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analysis was performed. Normal distributions were used for each of the 
three variables and 95% CIs for the cost per correct diagnosis were 
reported.

ResuLts
Literature search
The literature search yielded 1753 abstracts, 130 of which were con-
sidered for full-text review. Fifty-seven articles were included for 
analysis (Figure 2). Table 1 provides an overview of the characteristics 
of each included study according to clinical condition. Most studies 
were of high quality, with 78% of studies scoring 14/14 using the 
QUADAS tool (Appendix II Table 1). The lowest score was 10/14.

Meta-analysis
The AUROC of TE according to fibrosis classification across all liver 
disease categories were 0.88 (95% CI 0.84 to 0.91) for F≥2 (n=45 stud-
ies), 0.92 (95% CI 0.89 to 0.94) for F≥3 (n=35) and 0.94 (95% CI 
0.91 to 0.96) for F=4 (n=49) (Table 2). The sROC plots for each 

TABLE 1
Characteristics of included studies
First 
author 
(ref), year n

Age, 
yrs

Male 
sex, 
%

Fibrosis 
stage 

(F) TP TN FP FN S Sp PPV NPV
Hepatitis B
Bonnard 

(27),  
2010

59 35 68.8 F≥2 31 15 3 10 0.8 0.8 0.9 0.6
F≥3
F=4 10 40 5 4 0.7 0.9 0.7 0.9

Chan (29), 
2009 

161 45 76 F≥2
F≥3 66 63 20 12 0.8 0.8 0.8 0.8
F=4 24 113 8 16 0.6 0.9 0.8 0.9

Cho (31), 
2011

121 39 66.9 F≥2 69 27 6 19 0.8 0.8 0.9 0.6
F≥3 46 51 17 7 0.9 0.8 0.7 0.9
F=4 8 88 24 1 0.9 0.8 0.3 1.0

Degos (37), 
2010

284 38.2 81 F≥2 50 87 141 6 0.9 0.4 0.3 0.9
F≥3
F=4 15 237 18 14 0.5 0.9 0.5 0.9

Gaia (40), 
2011

70 44 71.4 F≥2 23 24 9 14 0.6 0.7 0.7 0.6
F≥3 17 37 7 9 0.7 0.8 0.7 0.8
F=4 11 42 6 11 0.5 0.9 0.6 0.8

Kim (48), 
2009

91 40 80.2 F≥2
F≥3
F=4 23 41 11 16 0.6 0.8 0.7 0.7

Kim (49), 
2009

130 42.5 79.2 F≥2
F≥3
F=4 51 51 12 16 0.8 0.8 0.8 0.8

Marcellin 
(56), 
2009

173 40.1 66.5 F≥2 61 71 15 26 0.7 0.8 0.8 0.7
F≥3 37 111 19 6 0.9 0.9 0.7 0.9
F=4 13 138 21 1 0.9 0.9 0.4 1.0

Hepatitis C
Arena (25), 

2008
150 50.6 61 F≥2 70 54 12 14 0.8 0.8 0.9 0.8

F≥3 51 88 6 5 0.9 0.9 0.9 0.9
F=4 27 111 10 2 0.9 0.9 0.7 1.0

Cho (31), 
2011

86 51.7 46.5 F≥2 49 27 3 7 0.9 0.9 0.9 0.8
F≥3 28 48 7 3 0.9 0.9 0.8 0.9
F=4 6 71 9 0 1.0 0.9 0.4 1.0

Colletta 
(33), 
2005

40 43.5 55 F≥2 14 26 0 0 1.0 1.0 1.0 1.0
F≥3
F=4

Cross (36), 
2010

187 49 59 F≥2 66 86 12 23 0.7 0.9 0.8 0.8
F≥3
F=4 46 121 16 4 0.9 0.9 0.7 1.0

Degos (37), 
2010

913 50.2 64.7 F≥2 256 202 426 29 0.9 0.3 0.4 0.9
F≥3
F=4 91 703 84 35 0.7 0.9 0.5 1.0

Gaia (40), 
2011

77 46 54.5 F≥2 29 30 8 10 0.7 0.8 0.8 0.8
F≥3 13 54 6 4 0.8 0.9 0.7 0.9
F=4 9 60 4 4 0.7 0.9 0.7 0.9

Koizumi 
(51), 
2001

70 65.5 65.7 F≥2 48 11 1 10 0.8 0.9 1.0 0.5
F≥3 36 27 1 6 0.9 1.0 1.0 0.8
F=4 21 43 4 2 0.9 0.9 0.8 1.0

Liu (54), 
2011

284 47.4 59.2 F≥2 94 161 22 7 0.9 0.9 0.8 1.0
F≥3 38 242 2 2 1.0 1.0 1.0 1.0
F=4 14 259 11 0 1.0 1.0 0.6 1.0

Masuzaki 
(57), 
2008

386 68.2 58.8 F≥2
F≥3
F=4 173 135 32 46 0.8 0.8 0.8 0.7

Nitta (64), 
2009

165 57 55.8 F≥2 80 53 13 19 0.8 0.8 0.9 0.7
F≥3 50 89 19 7 0.9 0.8 0.7 0.9
F=4 22 110 31 2 0.9 0.8 0.4 1.0

Obara (66), 
2008

52 57.5 54.9 F≥2 25 20 4 3 0.9 0.8 0.9 0.9
F≥3 15 25 11 1 0.9 0.7 0.6 1.0
F=4 8 37 5 2 0.8 0.9 0.6 0.9

Figure 1) Decision model based on the diagnostic accuracy of transient 
elastography. Patients were classified as true positive (+), false positive, true 
negative (–) or false negative. True positives and true negatives were con-
sidered to be correct diagnoses

Figure 2) Flowchart of assessed citations. TE Transient elastography

Continued on next page
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fibrosis stage are illustrated in Figures 3 to 5. The sROC curve is a 
graphical representation of diagnostic accuracy. The x-axis represents 
specificity (ranging from 1 to 0) and the y-axis sensitivity (ranging 
from 0 to 1). The value ‘1.0’ represents excellent diagnostic accuracy; 
therefore, studies approaching excellent diagnostic accuracy will 

cluster near the top left of the plot. Each dot represents a study and the 
black diamond represents the summary operating point. The middle 
diagonal line represents no predictive value or no more than chance. 
No evidence of publication bias was found (Egger’s test [F≥2: P=0.22; 
F≥3: P=0.51 and F=4: P=0.20]).

The summary sensitivity and specificity estimates for TE compared 
with liver biopsy for each clinical condition and fibrosis stage are pre-
sented in Table 3 (an insufficient number of cholestatic liver disease 
studies were identified for meta-analysis). Diagnostic accuracy for F≥2 
was good for HBV (sensitivity 0.77; specificity 0.72), HCV (sensitivity 

Figure 3) The overall diagnostic accuracy of transient elastography in all 
subgroups was 0.80 (95% CI 0.76 to 0.83) for test sensitivity (SENS) and 
0.81 (95% CI 0.77 to 0.85) for specificity (SPEC). The area under the 
summary ROC (SROC) curve (AUC) was 0.88 (95% CI 0.84 to 0.90)

TABLE 1 – continued

Characteristics of included studies
First 
author 
(ref), year n

Age, 
yrs

Male 
sex, 
%

Fibrosis 
stage 

(F) TP TN FP FN S Sp PPV NPV
Sporea 

(70), 
2008

191 F≥2 96 28 2 65 0.6 0.9 1.0 0.3
F≥3
F=4

Sporea 
(72), 
2011

266 49.8 32.0 F≥2 75 33 5 153 0.3 0.9 0.9 0.2
F≥3
F=4 18 219 16 13 0.6 0.9 0.5 0.9

Ziol (78), 
2005

F≥2 91 80 8 72 0.6 0.9 0.9 0.5
251 47.5 61.8 F≥3 65 149 26 11 0.9 0.9 0.7 0.9

F=4 42 194 8 7 0.9 1.0 0.8 1.0
NAFLD
Gaia (40), 

2011
72 48 72.2 F≥2 25 31 8 8 0.8 0.8 0.8 0.8

F≥3 11 44 11 6 0.6 0.8 0.5 0.9
F=4 7 60 3 2 0.8 1.0 0.7 1.0

Lupsor 
(55), 
2010

69 42 70.8 F≥2 12 40 11 6 0.7 0.8 0.5 0.9
F≥3 5 61 3 0 1.0 1.0 0.6 1.0
F=4

Petta (67), 
2011

146 44.1 71 F≥2 47 55 23 21 0.7 0.7 0.7 0.7
F≥3 25 88 25 8 0.8 0.8 0.5 0.9
F=4

Wong (75), 
2009

246 51 54.9 F≥2 80 110 35 21 0.8 0.8 0.7 0.8
F≥3 47 158 32 9 0.8 0.8 0.6 0.9
F=4 23 194 27 2 0.9 0.9 0.5 1.0

Yoneda 
(77), 
2008

97 51.8 41.2 F≥2 45 34 12 6 0.9 0.7 0.8 0.9
F≥3 23 57 13 4 0.9 0.8 0.6 0.9
F=4 9 85 3 0 1.0 1.0 0.8 1.0

Yoneda 
(76), 
2010

54 50.5 46.3 F≥2
F≥3 10 41 3 0 1.0 0.9 0.8 1.0
F=4 6 47 1 0 1.0 1.0 0.9 1.0

Cholestatic liver disease
Corpechot 

(34), 
2006

95 57 74 F≥2 48 33 5 9 0.8 0.9 0.9 0.8
F≥3 32 54 6 3 0.9 0.9 0.8 0.9
F=4 14 76 4 1 0.9 1.0 0.8 1.0

Gomez-
Dominguez 
(42), 2008

55 54 20 F≥2
F≥3 9 39 0 7 0.6 1.0 1.0 0.8
F=4

Liver transplant
Carrion 

(28), 
2006

124 60 66 F≥2 66 78 18 7 0.9 0.8 0.8 0.9
F≥3 33 85 51 0 1.0 0.6 0.4 1.0
F=4

Corradi 
(35), 
2009

56 58 83.9 F≥2 17 34 4 1 0.9 0.9 0.8 1.0
F≥3
F=4

Harada 
(43), 
2008

56 63.1 53.6 F≥2 19 32 3 2 0.9 0.9 0.9 0.9
F≥3 9 42 2 3 0.8 1.0 0.8 0.9
F=4 5 50 1 0 1.0 1.0 0.8 1.0

Kamphues 
(45), 
2010

94 51.7 64.9 F≥2 18 57 12 7 0.7 0.8 0.6 0.9
F≥3
F=4 9 55 30 0 1.0 0.6 0.2 1.0

FN False negative; FP False positive; NPV Negative predictive value; PPV 
Positive predictive value; ref Reference; S Sensitivity; Sp Specificity; TN True 
negative; TP True positive; yrs Years 

Figure 4) Overall summary ROC (SROC) curve for transient elastog-
raphy in fibrosis stage ≥3. The overall diagnostic accuracy of transient 
elastography in all subgroups included was 0.84 (95% CI 0.81 to 0.87) for 
test sensitivity (SENS) and 0.87 (95% CI 0.83 to 0.90) for specificity 
(SPEC). The area under SROC curve (AUC) was 0.92 (95% CI 0.89 to 
0.94)
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0.76; specificity 0.86), and NAFLD (sensitivity 0.77; specificity 0.75) 
and strong for transplant patients (sensitivity 0.88; specificity 0.85). 
For the two clinical conditions assessed in the F≥3 category (HBV and 
HCV), diagnostic accuracy was strong, with sensitivities of 0.83 and 
0.88, and specificities of 0.81 and 0.91 respectively. The diagnostic 
accuracy for F=4 was sufficient for HBV (sensitivity 0.67; specificity 
0.87) and strong to excellent for HCV (sensitivity 0.85; specificity 
0.91) and NAFLD (sensitivity 0.92; specificity 0.95), respectively.

In individual metaregression models, biopsy length, study size, year 
of publication and fibrosis stage cut-off were not statistically signifi-
cant predictors of heterogeneity in any of the analyses. In the multiple 
metaregression model for the F≥2 subgroup, mean age (P=0.005) and 
percentage of failures (P=0.012) were simultaneously statistically sig-
nificant predictors. In the F≥3 subgroup, only mean age was statistic-
ally significant (P=0.024) and, in the F=4 subgroup, no variables were 
significant at P<0.05.

economic evaluation
Cost-effectiveness results: Liver biopsy is more expensive, albeit more 
effective, than TE in all disease and fibrosis stage subgroups (Table 4). 
Because liver biopsy is considered to be the reference standard, the 
model assumed it correctly diagnosed 100% of patients (1000 of the 
1000 hypothetical cohort). On average, liver biopsy costs an addi-
tional $362 per procedure than TE. The additional cost per correct 
diagnosis using liver biopsy compared with TE varied from $1,427 to 
$7,030 depending on the disease group considered.
sensitivity analysis: One-way sensitivity analysis was completed on 
the cost of liver biopsy and TE. As the cost of liver biopsy increased, 
the cost per correct diagnosis increased. As the cost of TE increased 
due to either decreased utilization or decreased life span of the device, 
the cost per correct diagnosis of liver biopsy decreased. Similarly, as 
the cost of TE decreased, the cost per correct diagnosis of liver biopsy 
increased. However, none of the incremental cost-effectiveness ratios 
varied significantly with any of the variables explored.
threshold analysis: In a scenario analysis, the likelihood of under-
going liver biopsy after TE was considered. If the probability of under-
going a liver biopsy – regardless of TE result – was greater than 78%, 
liver biopsy became the dominant option (ie, liver biopsy costs the 
same as TE, but gains greater clinical benefit).

Probabilistic sensitivity analysis: The 95% CIs resulting from the 
probabilistic sensitivity analysis of sensitivity, specificity and prevalence 
of fibrosis are presented in Table 4. As expected, all three variables 
impact the resulting cost per correct diagnosis with wide CIs. Of note, 
the NAFLD F=4 (95% CI 509 to dominant) and cholestatic liver dis-
ease F=4 (95% CI 514 to dominant) included TE as the dominant 
option, meaning that it was less expensive than liver biopsy and equally 
as effective.

TABLE 2
Overall area under the ROC (AUROC) curve, sensitivities (S) and specificities (Sp) acccording to fibrosis stage (F) for all 
disease groups

F≥2 F≥3 F=4

Studies, 
n

AUROC 
(95% CI)

S 
(95% CI)

Sp 
(95% CI)

Diagnostic 
threshold, 
mean ± SD 

(range)
Studies, 

n
AUROC 
(95% CI)

S 
(95% CI)

Sp 
(95% CI)

Diagnostic 
threshold, 
mean ± SD 

(range)
Studies, 

n
AUROC 
(95% CI)

S 
(95% CI)

Sp 
(95% CI)

Diagnostic 
threshold, 
mean ± SD 

(range)
45 0.88 

(0.84–0.90)
0.8 

(0.76–0.83)
0.81 

(0.77–0.85)
7.4±1.5 

(2.7–3.1)
35 0.92 

(0.89–0.94)
0.84 

(0.81–0.87)
0.87 

(0.83–0.90)
9.9±2.4 

(3.3–15.4)
49 0.94 

(0.91–0.96)
0.86 

(0.82–0.89)
0.89 

(0.87–0.91)
13.2±3.5 
(4.0-26.5)

Figure 5) Overall summary ROC (SROC) curve for transient elastogrpahy in 
fibrosis stage 4. The overall diagnostic accuracy of transient elastography in all 
subgroups included was 0.86 (95% CI 0.82 to 0.89) for test sensitivity 
(SENS) and 0.89 (95% CI 0.87 to 0.91) for specificity (SPEC). The area 
under the SROC curve (AUC) was 0.94 (95% CI 0.91 to 0.96)

TABLE 3
Overall area under the ROC curve (AUROC), sensitivity (S) and specificity (Sp) according to fibrosis stage (F) (METAVIR) 
and disease group

Disease 
group

F≥2 F≥3 F=4
Studies, 

n
AUROC 
(95% CI)

S  
(95% CI)

Sp  
(95% CI)

Studies, 
n

AUROC 
(95% CI)

S  
(95% CI)

Sp  
(95% CI)

Studies, 
n

AUROC 
(95% CI)

S  
(95% CI)

Sp  
(95% CI)

HBV 5 0.81  
(0.78–0.84)

0.77  
(0.68–0.84)

0.72  
(0.55–0.85)

4 0.89  
(0.85–0.91)

0.83  
(0.75–0.88)

0.81  
(0.75–0.86)

8 0.86  
(0.82–0.89)

0.67  
(0.57–0.75)

0.87  
(0.83–0.91)

HCV 13 0.89  
(0.86–0.91)

0.76  
(0.61–0.86)

0.86  
(0.77–0.92)

8 0.92  
(0.89–0.94)

0.88  
(0.84–0.92)

0.91  
(0.83–0.96)

12 0.94  
(0.92–0.96)

0.85  
(0.77–0.91)

0.91  
(0.87–0.93)

NAFLD 5 0.78  
(0.74–0.82)

0.77  
(0.70–0.83)

0.75  
(0.70–0.79)

6* – – – 4 0.96  
(0.94–0.97)

0.92  
(0.77–0.98)

0.95 
(0.88–0.98)

Liver 
transplant

4 0.88  
(0.85–0.91)

0.88  
(0.78–0.94)

0.85  
(0.79–0.89)

2† – – – 2† – – –

*Calculations did not converge; †Insufficient number of studies for analysis. HBV Hepatitis B virus; HCV Hepatitis C virus; NAFLD Nonalcoholic fatty liver disease
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disCussion
The overall results of the meta-analysis suggest that TE, compared with 
liver biopsy, had summary sensitivities and specificities greater than 
80%, with AUROC values close to 0.9 for all three fibrosis categories. 
Although the results of the subgroup analysis were similar, most of the 
present research focused on HCV. There were an insufficient number of 
studies to assess the efficacy of TE in hepatitis A, cholestatic liver dis-
ease and for fibrosis stages F≥3 and F=4 in liver transplant; therefore, 
additional validation should be considered for these groups.

Subgroup analyses indicated heterogeneity across the different dis-
ease categories and fibrosis stages. Metaregression indicated that mean 
age (P=0.005) and percentage of failures (P=0.012) were statistically 
significant predictors of heterogeneity in the F≥2 subgroup, whereas, in 
the F≥3 subgroup, only mean age was statistically significant (P=0.024) 
and, in the F=4 subgroup, no variables were significant at P<0.05.

The estimated cost of liver biopsy used in our models was $461 per 
procedure. This is an additional $362 per procedure when compared 
with TE. The additional cost per correct diagnosis using liver biopsy 
compared with TE varied from $1,427 to $7,030 depending on the 
subgroup considered. The results were robust to plausible variations in 
all variables considered.

Four meta-analyses and five scanning reports identified through our 
search reported findings similar to our own (7,15-22). However, the 
previous meta-analyses were limited by the subgroups considered and 
the date of the searches. Our work included five major clinical subgroups 
(HBV, HCV, NAFLD, cholestatic liver disease and post-transplantation) 
and the most current literature available. The present HTA was novel 
in that it assessed both the diagnostic accuracy of TE and its cost effect-
iveness. Previous work had focused on either the clinical effectiveness 
of TE or the economic value separately. The present analysis of the 
clinical application of TE compared with liver biopsy is consistent with 
previous systematic reviews: TE demonstrated strong diagnostic accur-
acy for F≥2 with an AUROC value of 0.88 (95% CI 0.84 to 0.91); and 
excellent diagnostic accuracy with AUROC values of 0.92 (95% CI 
0.89 to 0.94) for F≥3 and 0.94 (95% CI 0.91 to 0.96) for F=4.

The diagnostic accuracy of TE for F≥2, F≥3 and F=4 makes it a cost-
effective alternative to liver biopsy. Liver biopsy costs $362 more per pro-
cedure than TE, with the cost per correct diagnosis ranging from $1,427 to 
$7,030 depending on the clinical condition. This cost savings was lost if 
more than 78% of TE procedures were followed up with liver biopsy. 
Furthermore, the cost effectiveness of TE was impacted by underutiliza-
tion or if the lifespan of the TE device was less than seven years.

The present HTA does have some limitations. Despite the com-
prehensive search strategy that was used, we were limited by the 

available literature. An example of this is the preponderance of 
HCV studies; therefore, the validation of TE in other liver diseases, 
such as hepatitis A and cholestatic liver diseases, is required. Another 
potential limitation was that intention to treat was not assessed as a 
quality parameter; therefore, the results of some studies may have been 
biased toward patients with desired outcomes. The economic model, 
as with all models, was also limited by the available data. Of note was 
the use of observational data to inform the diagnostic accuracy and 
prevalence estimates. Ideally, these estimates would be taken from an 
RCT to minimize selection bias. However, in this case, an RCT is 
unlikely to be performed; hence, we were limited to cohort data. In 
addition, the economic model does not consider operational costs 
required to perform liver biopsies or TE (ie, operating room costs, nurs-
ing salaries, office space for gastroenterologists, etc). However, exclu-
sion of these costs is likely to underestimate the cost of liver biopsy, 
making TE an even more economically attractive option. Furthermore, 
our model did not include societal costs or patient preferences. Again, 
these exclusions are likely to bias the results in favour of liver biopsy, 
which requires more patient time and is less preferable due to patient 
discomfort, risks and invasiveness.

Future research should consider investigating the efficacy of TE 
versus liver biopsy in monitoring fibrosis progression. The common 
practice in Alberta is to use TE to assess a patient with fibrosis every 
year, and liver biopsy every three to five years. If liver biopsy maintains 
its diagnostic accuracy, will TE still be considered the more cost-
effective option over longer-term horizons?

ConCLusions
TE is an accurate and cost-effective technology for diagnosis in 
patients with moderate fibrosis or cirrhosis. Although TE is less 
effective than liver biopsy, it is also less expensive, less invasive and 
safer than liver biopsy. Based on our results, systemic implementa-
tion of TE should be considered for the noninvasive assessment of 
liver fibrosis.

disCLosuRes: Supported by a financial contribution from Alberta 
Health through the Alberta Health Technologies Decision Process: the 
Alberta model for health technology assessment and policy analysis. 
Alberta Health had no involvement in the design, data collection and 
interpretation of the findings. The views presented here do not represent 
the views of Alberta Health. Dr Myers is supported by salary support 
awards from the Canadian Institutes for Health Research and Alberta 
Heritage Foundation for Medical Research (now Alberta Innovates – 
Health Solutions).

TABLE 4
Cost per correct diagnosis using liver biopsy compared with transient elastography (TE)

Disease
Fibrosis 

stage
Correct diagnoses 

using TE (per 1000), n

Incremental correct 
diagnoses using liver 
biopsy (per 1000), n

Incremental cost per correct diagnosis using liver biopsy compared with TE

$/correct diagnosis gained $/correct diagnosis gained (95% CI)
Hepatitis B F≥2 747 253 1,427 1,427 (489–3,662)

F≥3 818 182 1,985 1,985 (502–5,300)
F=4 820 180 2,010 2,010 (489–5,180)

Hepatitis C F≥2 806 194 1,861 1,861 (499–5,054)
F≥3 900 100 3,620 3,620 (510–11,847)
F=4 898 102 3,542 3,542 (503–12,950)

NAFLD F≥2 758 242 1,498 1,498 (491–3,959)
F≥3 – – – –
F=4 947 53 6,798 6,798 (509–dominant)

Cholestatic 
liver  
disease

F≥2 860 140 2,582 2,582 (508–7,601)
F≥3 921 79 4,569 4,569 (510–13,813)
F=4 949 52 7,030 7,030 (514–dominant)

Liver  
transplant

F≥2 860 140 2,593 2,593 (509–7,491)
F≥3 886 114 3,164 3,164 (501–11,029)
F=4 922 78 4,630 4,630 (506–1.6 million)

NAFLD Nonalcoholic fatty liver disease
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APPendix i

search strategy
Electronic Bibliographic Databases
1. MEDLINE
2. PubMED
3. Cochrane Database of Systematic Reviews
4. Cochrane Central Register of Controlled Trials (CENTRAL)
5. EMBASE
6. Health Technology Assessment (HTA) Database
7. NHSEED
8. Database of Reviews of Effects (DARE)
9. EconLit

Grey literature
1. Proquest Dissertations and Theses Database
2. CADTH Database of Canadian HTA Reports http://www.cadth.ca/

index.php/en/hta/reports-publications/search
3. University of York CRD databases http://www.york.ac.uk/inst/crd/

index_databases.htm
4. TRIP Database http://www.tripdatabase.com/
5. Fibroscan Manufacturer’s Website
6. Health Canada Medical Devices Active Licence Listing (MDALL) 

for licensed medical devices: http://www.hc-sc.gc.ca/dhp-mps/
md-im/licen/mdlic_e.html

7. Summary Basis of Decision information about drugs and medical 
devices that was available to the regulator at the time of 
authorization: http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/
phase1-decision/index-eng.php

8. UK – Medicines and Healthcare Products Regulatory Agency:  
The UK agency which regulates drugs and health technologies: 
http://www.mhra.gov.uk/index.htm

9. US Food & Drug Administration (FDA): The US federal regulatory 
agency for human and animal drugs, biologics, medical devices and 
consumer health products: http://www.fda.gov

10. CCT current controlled trials http://www.controlled-trials.com
11. Clinical Trials.gov http://clinicaltrials.gov
12. National Guidelines Clearinghouse http://www.guidelines.gov
13. CMA infobase http://www.cma.ca/index.cfm/ci_id/88655/la_id/1.htm.
14. National Bureau of Economic Research http://www.nber.org
15. Research Papers in Economics http://ideas.repec.org.

search terms
Medline (OVID)

1. (Fibroscan or (transient adj5 elastogra*) or (transient adj 5 
elastomet*) or (ultraso* adj5 elastomet*) or (ultraso* adj5 
elastogra*) or sonoelastogra*).tw.

2. ((noninvasive or non-invasive) adj10 (fibrosis or (liver adj5 
stiffness) or (liver adj5 rigid*)) or arfi or acoustic radiation force 
impulse).tw.

3. 1 or 2
4. limit 3 to animals
5. limit 3 to (animals and humans)
6. 4 not 5
7. 3 not 6
8. limit 7 to (comment or editorial or letter)
9. 7 not 8

10. limit 9 to (english or french)
11. limit 10 to case reports
12. 10 not 11
13. limit 12 to yr= “2000-2011”
Note: Search terms used to search other electronic databases and grey 
literature web sites will be derived and adapted from the MEDLINE 
search outlined above.

APPENDIx II TABLE 1
Quality assessment tool for diagnostic accuracy studies (QUADAS)
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Alric (23), 2009 Yes Yes Yes Yes Yes Yes Yes No No Yes Yes Yes Yes Yes
Anastasiou (24), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Arena (25), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Unsure Yes Yes Yes
Berzigotti (26), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Bonnard (27), 2010 Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
Carrion (28), 2006 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chan (29), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Chang (30), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Cho (31), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Unsure Yes Yes Yes
Coco (32), 2007 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Colletta (33), 2005 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Corpechot (34), 2006 Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
Corradi (35), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No
Cross (36), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Degos (37), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Foucher (38), 2006 Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
Friedrich-Rust (39), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Gaia (40), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ganne-Carrie (41), 2006 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Continued on next page
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APPENDIx II TABLE 2
Assumptions for cost of transient elastography
Variable Value Reference
Total cost of ultrasound machine, $ 111,786 CADTH (56)
Annual maintenance cost, $ 8,412 CADTH (56)
Lifetime of a transient elastography device, years 7 NHS (57)
Scans per year, n 830 2010 average in Alberta
Physician fee per scan, $ 70.06 SOMB (3.01C) (58)
Total cost per scan, $ 99.44 –

CADTH Canadian Agency for Drugs and Technologies in Health; NHS National Health Service; SOMB Schedule of Medical Benefits

APPENDIx II TABLE 1 – continued
Quality assessment tool for diagnostic accuracy studies (QUADAS)
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Gomez-Dominguez (42), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Harada (43), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Janssens (44), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kamphues (45), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kanamoto (46), 2009 Yes Yes Yes Yes Yes Yes Yes Yes No Unsure Unsure Yes No No withdrawals
Kim (47), 2007 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kim (48), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kim (49), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No withdrawals
Kirk (50), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Koizumi (51), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No withdrawals
Ledinghen (52), 2006 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Lee (53), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Unsure Yes Yes Yes
Liu (54), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Lupsor (55), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Marcellin (56), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Masuzaki (57), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Miailhes (58), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Moessner (59), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Mueller (60), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Myers (61), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Nahon (62), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Nguyen-Khac (63), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Nitta (64), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Yes Yes Yes Yes
Nudo (65), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Obara (66), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Petta (67), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Rifai (68), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sanchez-Conde (69), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sporea (70), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Unsure Yes Yes Yes
Sporea (71), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Unsure Yes Yes Yes
Sporea (72), 2011 Yes Yes Yes Yes Yes Yes Yes No No Yes Yes Yes Yes Yes
Sporea (73), 2011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Unsure Unsure Yes Yes No withdrawals
Wang (74), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Wong (75), 2009 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Yoneda (76), 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No withdrawals
Yoneda (77), 2008 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ziol (78), 2005 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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