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Background/Aims: We identified reports in the literature
regarding the diagnostic accuracy of hepatic vein arrival time
(HVAT) measured by contrast-enhanced ultrasonography
(CEUS) to assess hepatic fibrosis in cirrhosis. Methods: The
Ovid MEDLINE, Embase, and Cochrane databases were
searched for all studies published up to 23 July 2015 that
evaluated liver status using CEUS and liver biopsy (LB).
The QUADAS-II (quality assessment of diagnostic accuracy
studies-ll) was applied to assess the internal validity of the
diagnostic studies. Selected studies were subjected to a
meta-analysis with MetaDisc 1.4 and RevMan 5.3. Results:
A total of 12 studies including 844 patients with chronic
liver disease met our inclusion criteria. The overall summary
sensitivity, specificity, positive likelihood ratio, and negative
likelihood ratio of the HVAT measured by CEUS for the detec-
tion of cirrhosis compared to LB were 0.83 (95% confidence
interval [Cl], 0.77 to0 0.89), 0.75 (95% Cl, 0.69 to0 0.79), 3.45
(95% Cl, 1.60 to 7.43), and 0.28 (95% ClI, 0.10 to 0.74),
respectively. The summary diagnostic odds ratio (random
effects model) was 15.23 (95% Cl, 3.07 to 75.47), the sum-
mary receiver operator characteristics area under the curve
was 0.74 (standard error [SE]=0.14), and the index Q was
0.69 (SE=0.11). Conclusions: Based on a systematic review,
the measurement of HVAT by CEUS exhibited an increased
accuracy and correlation for the detection of cirrhosis. (Gut
Liver 2017;11:93-101)
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INTRODUCTION

Cirrhosis is the end stage of chronic liver disease and is char-
acterized by regenerative nodules with extensive surrounding
fibrosis. The distortion of architecture caused by the structural
changes leads to portal hypertension and associated serious
complications, such as variceal bleeding and ascites.'”

Estimating the degree of hepatic fibrosis is important for
diagnosis and therapeutic management of these patients; at
present, liver biopsy is the gold standard method. However,
only a small fraction of the liver parenchyma is sampled in this
process, and the biopsy procedure is associated with a small but
definite risk of morbidity and mortality. Hence, the development
of a noninvasive technique for assessing liver disease is much
needed.”***

Ultrasound, which is widely used as the initial imaging test,
is insufficient as an accurate means of assessing disease sever-
ity. A number of Doppler ultrasound-based methods have been
developed, mainly to measure the relative flow or velocity in
the portal vein and the hepatic artery or vein. However, there is
controversy with regard to the reproducibility of these studies,
and many do not permit investigation or grading of precirrhotic
liver disease.”” Contrast-enhanced ultrasonography (CEUS) is
currently considered to be an imaging modality offering new
perspectives in the diagnosis of liver disease.”'® The recently
developed technique of CEUS has markedly expanded the pos-
sibilities for sonographic hemodynamic studies. The technique
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involves the intravenous administration of minute, gas-filled
microbubbles that strongly enhance intravascular flow sig-

nals.'”"

Measurement of hepatic vein arrival (transit) times
(HVAT or HVTT) using a microbubble agent, such as Levovist
(Schering AG, Berlin, Germany), SonoVue (Bracco SpA, Milan,
Italy), or Sonazoid (GE Healthcare, Oslo, Norway) has been sug-
gested as an ultrasound-based technique to assess the degree of
hepatic fibrosis based on the hypothesis that the arrival time of
the injected microbubble would be shortened in cirrhosis due to
hemodynamic abnormalities, such as arteriovenous shunting or
capillarization of the sinusoid.”*"""

Several groups have previously noted that contrast enhance-
ment of the hepatic vein begins earlier in cirrhotic patients than
it does in noncirrhotic subjects, thereby indicating that CEUS
could be used to stage and grade liver disease and distinguish
between mild and moderate-to-severe forms of hepatitis and
cirrhosis.”"> However, the reported accuracy and usefulness
have been inconsistent across studies. Systematic review (SR)
and meta-analysis (MA) have been shown to enable objective
analyses of existing evidence.'*"

We conducted a SR and MA to evaluate the diagnostic accu-
racy of HVAT for detecting cirrhosis and evaluated the correla-
tion between HVAT and severity of chronic liver disease.

MATERIALS AND METHODS
1. Study strategy

A systematic search was undertaken among studies published
before July 2015 by two independent reviewers, with disagree-
ments resolved by consensus. Databases were searched with a
combination of Medical Subject Headings (MeSH) terms and
text words for the population and the index tests, and Boolean
operators were used. We searched three main databases (i.e.,
Ovid MEDLINE, Embase, and the Cochrane library) with no
restriction on language or publication status. This study was
conducted according to the Cochrane Handbook for Systematic
Reviews of interventions' and the statement by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Group.”

2. Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1)
types of participants: chronic liver disease; (2) type of index test:
HVAT performed with CEUS; no restrictions regarding contrast;
(3) type of reference standard test: liver biopsy; (4) types of
outcome variables: data available on diagnostic accuracy; and
(5) type of studies: randomized controlled trials or controlled
studies. Animal experiments, chemistry, or cell-line studies and
editorials, commentaries, review articles and case reports were
excluded.

Studies were selected based on the inclusion/exclusion criteria
by reviewing the title and abstract of each study after duplicate

articles were removed from the primary search. The remaining
studies were confirmed with the original and were validated by
applying the inclusion and exclusion criteria. Two independent
authors reviewed the results of the search using the inclusion
criteria. Disagreements between authors were resolved by dis-

cussion.
3. Methodological quality assessment

The methodological quality of the selected studies was ex-
amined using the QUADAS-II (quality assessment of diagnostic
accuracy studies-11),”" which uses 11 items to evaluate study
quality. Each item is scored “~” if reported, “+” if not reported,
or “? (unclear)” if there is no adequate information in the article.
Two of the authors independently assessed bias; any disagree-
ment or misunderstandings were resolved by discussion until a
consensus was reached.

Publication bias was assessed using Begg’s funnel plots and
test (p>0.05 was considered to indicate that there was no poten-
tial publication bias).”

4. Data extraction and statistical methods

Data were extracted by two reviewers. All differences in opin-
ion with regard to the data were resolved by discussion until a
consensus was reached. Related variables were assessed as both
dichotomous data and as continuous data.

Based on the values of true positive (TP), true negative (TN),
false positive (FP), and false negative (FN), we calculated the
pooled sensitivity and specificity, positive and negative likeli-
hood ratios (LR), and diagnostic odds ratio (DOR). The calcu-
lated statistics were used to examine the accuracy of HVAT
performed with CEUS for the diagnosis of cirrhosis. All statistics
were reported as point values with 95% confidence interval
(CI). Sensitivity was defined as the TP rate and calculated as TP/
(TP+FN). Specificity was defined and calculated as TN/(FP+TN).
LR indicates how much the given test increased or decreased the
probability of having the disease. The DOR is a single overall
indicator of diagnostic performance and expresses the extent
to which the odds of having the disease is greater for people
with a positive test result than for people with a negative test
result. The DOR was calculated as (TPxTN)/(FPxEN). In addition,
summary receiver operator characteristics (SROC) curves were
constructed to examine the interaction between sensitivity and
specificity. We used the area under the curve (AUC) to mea-
sure the overall performance of the diagnostic test.”> Statistical
analyses were performed using Meta-DiSc statistical software
version 1.4 (Unit of Clinical Biostatistics team of the Ramon y
Cajal Hospital, Madrid, Spain) and RevMan 5.3 (The Cochrane
Collaboration, Copenhagen, Denmark)" to analyze the accuracy
of CEUS.

Evaluation of the numerical values of AUC were as follows:
AUC=0.5 was a noninformative test: 0.5<AUC<0.7 was a less
accurate test: 0.7<AUC<1 was a very accurate test: and AUC=1
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was a perfect test.”* Index Q, which represents the correspon-
dence of the specificity and sensitivity of the receiver operating
characteristic curve, was evaluated with “1” as the standard at
100% accuracy.”

The between-study heterogeneity was evaluated by com-
puting Higgins I” and chi-square tests for heterogeneity using
the generic inverse variance method of MA. A random effects
model was used for statistical pooling of the data in the case of
heterogeneity between studies (p<0.1); a fixed effects model for
statistical pooling of the data was used if there was no hetero-
geneity between the studies.

RESULTS
1. General characteristics of the selected studies

Our initial literature search yielded 208 references. After ex-
cluding 26 duplicate studies, a total of 182 studies remained.
The titles and abstracts of these studies were reviewed; 170 were
excluded based on the selection criteria, and 12 were ultimately
identified as relevant to our review. Therefore, we analyzed
these 12 studies””*** and the 844 included patients, as shown
in Table 1 and Fig. 1.

Five of the 12 studies™******” were conducted in the United
Kingdom, and the remainder of the studies was conducted in
the Italy, Germany, France, Canada, Japan, or China. The in-

208 Studies identified from

OVID MEDLINE/Embase/
Cochrane Library

cluded studies were published between 1999 and 2014. The
subjects of study were mainly patients with hepatitis C virus or
hepatitis B virus. The number of study subjects in each study
ranged from 38 to 134,””' but most of the studies had fewer
than 100 subjects. They were case control studies that compared
a group of patients that had confirmed cirrhosis through liver
biopsy, based on the reference standard, to a control group.
All liver biopsies were performed by skilled doctors, and the
basic principles of biopsy were faithfully assured. Seven studies
used a Siemens Sequoia ultrasound system (Siemens Health-
care, Erlangen, Germany).””"***"*** GE Logiq system (General
Electric Healthcare, Milwaukee, WI, USA) was used in two of

26,34

the studies, while a Toshiba system (Toshiba Corporation,

Tokyo, Japan) was used in two other studies.””® With regard
to contrast, there were five studies'>”””**** that used Levovist,
the first-generation contrast agent. Six studies’®**"*>* used the
second-generation SonoVue. Sonazoid and Definity (Lantheus
Medical Imaging, North Billerica, MA, USA) were each used in
one study.”®® As for the amount of contrast used, most stud-
ies used 2 to 2.5 g. The HVAT was measured using the Doppler

test in nine of 12 studies,?***?°3*%

and the remaining three
studies were assessed by visual inspection.””*** Although the
standard for cirrhosis varied from study to study, Metavir®***
or Ishak"”****** was generally used and labeled stages 5 to 6 or

F4, according to the fibrosis score, as cirrhosis. Other methods,

v

26 Studies excluded due to
duplication

v

182 Studies from
initial screening

[ Screening ] [Identification]

'S
- »| 119 Deleted due to irrelevancy
=
S5
m v
63 Potentially relevant
studies retrieved for more
detailed assessment
'S
- » | 56 Studies were excluded as they
8 | did not meet the inclusion criteria
\4
3
£ 12 Satisfied
inclusion criteria
—

Fig. 1. Flow diagram of study selec-
tion for the systematic review.
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including the Histological Activity Index (HAI-Knodell score)*®
and Scheuer score (SO to S4),>' were also used in each study.
Additionally, there were studies that categorized cirrhosis based
on the Child-Pugh score into A/B/C and performed associated

detailed analyses,”* 2?2?13+

2. Methodological quality and risk of bias in the included
studies

After using QUADAS-II, the tool for evaluating diagnostic
accuracy, to evaluate the final 12 chosen studies, none of the
studies were found to have a high risk of bias (Fig. 2). Although
some of the studies selectively sampled the subjects, the method
for selecting patients was judged to be of little concern, due to
the fact that they were studies comparing the diagnostic ac-
curacy of a healthy control group and a patient group. There
were many studies in which the time difference between the
performance of liver biopsy and CEUS was not reported or was

13,26-29,31-33

unclear, where it was unclear whether reading of the

results from the reference standard and CEUS were performed

13,26-28,31-36

independently, or where the reports regarding the fail-
ure rate of test subjects were unclear.”**”***"*> However, it must
be taken into consideration that these related studies were pub-
lished in journals that focused in radiology and did not place
importance on those categories. Therefore, the selected studies
were evaluated as being without risk of bias or problems with
respect to the application and adherence to most of the require-

ments for quality evaluation (Fig. 2).
3. Accuracy of HVAT assessed by CEUS

The diagnostic accuracy of CEUS was compared to that of bi-
opsy, a reference standard, to see how well it could distinguish
subjects with cirrhosis, fibrosis, and nonfibrosis. The diagnostic
accuracy results were described through total sensitivity, speci-
ficity, LR(+), LR(-), DOR, and SROC statistics.

In individual studies, CEUS was reported to have a 0.56 to

[ Low risk of bias
[ Unclear risk of bias
Il High risk of bias

1.00 distribution in sensitivity and a 0.43 to 0.93 specificity in
prediction of cirrhosis. Depending on the contrast agent used,
the studies showed varying results. For example, studies that
used first-generation contrast agents like Levovist (Schering
AG)"™??*** had results (sensitivity, 1.0; specificity, 0.80 to 0.84)
that did not vary much from studies that used a second-genera-
tion contrast agent like SonoVue or Sonazoid or Definity (sensi-
tivity, 0.56 to 1.00; specificity, 0.43 to 0.93).”**7"**° However,
in cases where second-generation contrast agents were used,
varying result values were found. Depending on the contrast
agent used (SonoVue, Sonazoid, and Definity), the following
results were reported: studies that used Sonazoid® or Definity™
had resulting diagnosis accuracies (sensitivity, 0.56 to 0.57;
specificity, 0.43 to 0.57) lower than those reported in studies
that used SonoVue (sensitivity, 0.71 to 1.00; specificity, 0.57 to
0.93).”%*% Furthermore, studies”******* that used US/Doppler
to calculate the HVAT for the purpose of diagnosing cirrhosis
and studies” that used visual inspection as a means of assess-
ment were compared. Upon comparing the results, the studies
utilizing visual inspection reported lower diagnostic accuracy
(sensitivity, 0.71 to 0.79; specificity, 0.57 to 0.79) than the re-
sulting values of the data obtained using US/Doppler (sensitivity,
0.56 to 1.0; specificity, 0.43 to 0.93). A study” that used Son-
oVue, the most widely used second-generation contrast agent at
the time, as the contrast agent and US/Doppler to calculate the
HVAT in order to evaluate the diagnostic accuracy of cirrhosis
was reported to have produced the high results of sensitivity 1.0
and specificity 0.93 (Table 2).

Upon MA, in predicting cirrhosis based on seven studies
(n=469),"****?%* CEUS HVAT had an integrated sensitivity of
0.83 (95% CI, 0.77 to 0.89) (Fig. 3A) and an integrated specific-
ity of 0.75 (95% CI, 0.69 to 0.79) (Fig. 3B). Among the studies,
the heterogeneity value I’ for each was high at 84.3% (X’=38.34,
p<0.001) and 89.6% (X’=57.48, p<0.001). The integrated LR(+)
was 3.45 (95% CI, 1.60 to 7.43), while the integrated LR(-) was

Patient spectrum/selection criteria i

Reference standard

Disease progression bias

Partial verification bias

Test details

Reference standard details
Test review bias
Diagnostic review bias

Clinical data |

Fig. 2. The risk of bias and con-

Uninterpretable results i

cerns regarding the applicability of

Withdrawals |

the studies included in the analysis

o

25 50

(quality assessment of diagnostic

75 100 (%)  accuracy studies-II [QUADAS-II]).
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Table 2. The Accuracy of HVAT Assessed by CEUS

Author (year 2x2 Table Cutoff  Se, Sp, PPV, NPV, AUROC Accuracy, Icc

TP FP EN 1IN value % % % % (95% CI) % Intra  Inter
Abbattista et al. (2008 38 3 0 42 <17 100 933 926 100 - 96.3 1.0 0.93
Blomley et al. 2003 20 3 0 16 <24 100 842 869 100 - 92.3 - -
Cobbold et al. 2012)° 12 25 5 33 <23.75 71 57 32 87 0.71 (0.55-0.86) 60.0 099 094
Goto et al. (2014)” 9 15 7 20 <28 563  57.1 375 740  0.54(0.37-0.71) 56.8 - -
Lim et al. (2005)" 10 4 0 51 <21 100 80 74 95 - 85.7 - -
Staub et al. (2009)” 41 11 11 60 <I3 786 790 783 833  0.85(0.77-0.93) 78.8 - 0.90
Tang et al. (2011)*° 4 20 4 15 <24 57 43 17 83 0.56+0.12 44.1 062 0.86

HVAT, hepatic vein arrival time; CEUS, contrast-enhanced ultrasonography; TP, true positive; FP, false positive; FN, false negative; TN, true nega-
tive; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; AUROC, area under the curve for the receiver-
operating characteristic; CI, confidence interval; ICC, intra-class correlation coefficient.

A

T Sensitivity (95% ClI)
i i—‘ Abbattista et al. (2008)*° 1.00 (0.91-1.00)
—— ! Goto et al. (2014)”° 0.56 (0.30-0.80)
O — Tang et al. (2011) 0.50 (0.16-0.84)
—e— Cobbold et al. (2012)”°  0.71 (0.44-0.90)
—9— Staub et al. (2009)°  0.79 (0.65-0.89)
i ——@ Blomley et al. (2003)  1.00 (0.83-1.00)
—L @ Limetal. (2005)" 1.00 (0.69-1.00)
P
. 1
.
H 1
HE
I._‘_'
Pooled sensitivity=0.83 (0.77 to 0.89)
X°=38.34; df=6 (p<0.001)
T T T T Inconsistency (I2)=84.3%
0 02 04 06 0.8 1
Sensitivity

B

0

T Specificity (95% Cl)
i | —@| Abbatista et al. (23(308)26 0.93 (0.82-0.99)
—— Goto et al. (2014) 0.57 (0.39-0.74)
—e— ! i Tang et al. (2011)* 0.43 (0.26-0.61)
—0— ! Cobbold et al. (2012)°  0.57 (0.43-0.70)
i —@— | Staubetal (2009)" 0.85 (0.74-0.92)
—L—0— | Blomley etal. (2003)"°  0.84 (0.60-0.97)
{1 —@| Limetal (2005)° 0.93 (0.82-0.98)
H
Yo
Yo
P
ha Pooled specificity=0.75 (0.69 to 0.79)
X°=57.48; df=6 (p<0.001)
Inconsistency (I2)=89.6%

T T T T
02 04 06 08
Specificity

1

Fig. 3. Forest plot of sensitivity (A) and specificity (B) of hepatic vein arrival time assessed by contrast-enhanced ultrasonography for the detection

of cirrhosis in the selected studies.

0.28 (95% CI, 0.10 to 0.74). The summary DOR (random effects
model) value was 15.23 (95% CI, 3.07 to 75.47), I’ was 85.7%
(X’=41.96, p<0.001), the SROC AUC was 0.74 (standard error
[SE]=0.14), and index Q was 0.69 (SE=0.11).

The studies that used second-generation contrast agents and
US/Doppler to calculate HVAT in order to predict cirrhosis had
an integrated sensitivity of 0.82 (95% CI, 0.71 to 0.91) and an
integrated specificity of 0.67 (95% CI, 0.58 to 0.75).***”° The in-
tegrated LR(+) of these studies was 2.37 (95% CI, 0.48 to 11.71),
and the integrated LR(-) was 0.35 (95% CI, 0.04 to 2.83). The
summary DOR (random effects model) was 7.99 (95% CI, 0.28 to
229.13), I’ was 91.1% (X’=22.37, p<0.001), the SROC AUC was
0.47 (SE=0.19), and index Q was 0.48 (SE=0.15).

Furthermore, the studies that used second-generation contrast
agents in order to predict cirrhosis had an integrated sensitivity
0f 0.79 (95% CI, 0.71 to 0.86) and an integrated specificity of 0.70
(95% CI, 0.64 to 0.75).%***°**’® The integrated LR(+) was 2.51
(95% CI, 1.06 to 5.95), and the integrated LR(-) was 0.43 (95%
CI, 0.17 to 1.08). The summary diagnostic odds ratio (random
effects model) was 6.90 (95% CI, 1.28 to 37.16), I* was 87.1%
(X’=31.01, p<0.001), the SROC AUC was 0.69 (SE=0.17), and

index Q was 0.65 (SE=0.14).

Studies that used values obtained using Doppler to calculate
the HVAT"??****** had an integrated sensitivity of 0.88 (95% ClI,
0.80 to 0.94) and an integrated specificity of 0.76 (95% CI, 0.70
to 0.82). The integrated LR(+) was 3.83 (95% CI, 1.20 to 12.22),
and the integrated LR(-) was 0.15 (95% CI, 0.02 to 1.12). The
summary DOR (random effects model) was 27.40 (95% CI, 1.68
to 447.73), I’ was 88.9 (X’=36.15, p<0.001), the SROC AUC was
0.62 (SE=0.20), and index Q was 0.59 (SE=0.16) (Fig. 3).

4. Correlation between HVAT assessed by CEUS and severity
of liver fibrosis

After studying a total of 12 studies on the relationship be-
tween stage of fibrosis and HVAT measured by CEUS, statis-
tically significant decrease (p<0.05) was found between the
HVAT of the normal or nonfibrosis groups (mean+standard
deviation [SD], 34.63+10.27) and the HVATSs of the fibrosis (SD,
25.01+5.46) and cirrhosis groups (SD, 17.62+3.57) showed (Table
3).
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Table 3. Correlation between HVAT Assessed by CEUS and Severity of Liver Fibrosis

Author (year)

HVAT, sec

Normal or nonfibrosis

Fibrosis (mild to severe) Overt cirrhosis

Abbattista et al. (2008)”° 24.9+4.4
Albrecht et al. (1999)” 49.8422.6
Blomley et al. (2003)” 44.0+25.0
Cobbold et al. (2012)*° -
Goto et al. (2014)* -

Li et al. (2010)*' -

Lim et al. (2011)* 33.8+3.8
Lim et al. (2006) 29.4+6.9
Lim et al. (2005)" 38.1+2.8
Ridolfi et al. (2007)™* 24.8+4.4

Staub et al. (2009)” _
Tang et al. (2011)* _

21.743.5 14.0+2.5
35.849.9 18.3+3.0
26.0+8.0 17.7+5.4
24.4 (21.5-27.8) 20.5 (18.5-24.5)
27.4+1.7 27.3+1.7
25.1+4.1 22.6+£3.9
29.7+2.2 15.8+0.9
25.2+7.0 16.4+4.9
32.4+2.4 15.8+0.8
22.1+3.4 14.3+2.1
15.3+5.4 8.8+4.6
23.6+8.9 20.945.5

HVAT, hepatic vein arrival time; CEUS, contrast-enhanced ultrasonography.

DISCUSSION

This is the first SR and MA of the utility of measuring HVAT
by CEUS in cirrhosis. This study demonstrated that, because
there is ample evidence disclosing a correlation between LB and
HVAT, CEUS may have the potential to reduce the number of
biopsy procedures performed to examine the severity of fibro-
Sis‘13,26736

Although biopsy is the most accurate test for diagnosing
cirrhosis, patients with chronic liver disease require long-term
follow-up. Consequently, a repeatedly available non-invasive
method would be preferable for the assessment of hepatic fibro-
sis.*®

Indeed, ultrasonography has the advantage of being nonin-
vasive, and many attempts have been made to assess the degree
of hepatic fibrosis using ultrasonography. In particular, a US
parameter that could be a suitable substitute for an invasive
method for assessing hepatic fibrosis, such as the LB, would be
highly desirable. However, these indices are plagued by lack of
reproducibility and accuracy due to intra- and inter-observer
variability and even inter-equipment variability.”**

Recently, the development of new contrast agents has in-
creased the diagnostic capability of US, suggesting that the
analysis of HVAT using microbubble CEUS can be useful for
assessing the severity of liver fibrosis.'”"* HVAT is the time (in
seconds) after injection for the microbubble contrast agent to
arrive at the hepatic vein.”’ There is an inverse relationship be-
tween HVAT and liver histological grade, such that a decrease
in HVAT is accompanied by an increase in the severity of liver
fibrosis, due to the formation of intrahepatic arteriovenous or
portovenous shunts in the cirrhotic liver.” Accordingly, HVAT
as assessed by CEUS is negatively correlated with severity of he-

patic fibrosis due to the associated hemodynamic alterations.' "

Therefore, we reviewed the parameter of onset time of con-
trast enhancement in the right hepatic vein, which did show a
significant correlation with degree of hepatic fibrosis.

The diagnostic accuracy of CEUS was determined to be high
through the present SR and MA, with an integrated sensitiv-
ity of 0.83 (95% CI, 0.77 to 0.89), a specificity of 0.75 (95% CI,
0.69 to 0.79), and a SROC AUC of 0.74 (SE=0.14). However, the
heterogeneity of the studies was also high (I’, 84.3% to 89.6%).
During analysis of the data, the selected studies were found to
have used different microbubble contrast agents, each having
their own chemical properties, including Levovist, SonoVue,
Sonazoid, and Definityln this SR and MA, studies using Son-
azoid and Definity showed lower diagnostic accuracies with
relatively poor sensitivities and specificities compared to results
obtained using Levovist and SonoVue.”” This finding can be
explained by the finding that the HVAT is influenced by the mi-
crobubble extraction rate due to phagocytosis, particularly with
respect to the 99% rate of Sonazoid, suggesting that the higher
extraction rate by Kupffer cells may accentuate this confound-

30,36

ing influence in measuring HVAT.” Unlike Sonazoid, SonoVue,
a microbubble agent containing 2 to 10 um sulfur hexafluo-
ride gas in a phopholipidic monolayer shell, undergoes less
phagocytosis and remains mainly in the blood vessels, making
it helpful when judging the special characteristics of the blood
vessels.” This suggests that, since HVAT is affected by phago-
cytosis of the contrast agent, these differences could possibly
result in different signal intensities and transit times. Additional
effort investigating differences in the interactions of Levovist,
SonoVue, Sonazoid, and Definity with the reticuloendothelial
system will be needed to explain these discrepant results.

In addition to HVAT, some studies have measured additional
parameters, including the transit time between the hepatic artery
and vein, and the slope gradient of each hepatic artery, portal
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vein, and hepatic vein.””*"'

However, because the data utility of
these various parameters using CEUS was too limited to conduct
SR and MA, we chose the parameter of HVAT, which has been
widely reported in the majority of studies related to this topic.

The present study has the following potential limitations.
First, only 12 studies evaluated the usefulness of the CEUS on
hepatic fibrosis, thus limiting the robustness of the conclu-
sions that could be reached. Second, the characteristics of the
included studies, including patient characteristics, etiologies of
cirrhosis, and methodological differences, were not completely
consistent. Third, we only included studies written in English, so
language bias might have influenced the results.

In conclusion, the measurement of HVAT using CEUS re-
flected the severity of hepatic fibrosis. Additionally, this method
seems to be simple and safe with its noninvasiveness. Hence, al-
though this technique requires further investigation, we suggest
that measuring HVAT by CEUS could be a reliable noninvasive
supplementary tool for diagnosis of cirrhosis. Nevertheless,
future large-scaled randomized controlled studies would be
needed to draw out the firm conclusion.
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