Ultrasound in Med. & Biol., Vol. 47, No. 12, pp. 3315-3322, 2021

Copyright © 2021 The Author(s). Published by Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Printed in the USA. All rights reserved.

0301-5629/$ - see front matter

Check for
Updates

https://doi.org/10.1016/j.ultrasmedbio.2021.08.005

® Review Article

VALUE OF LOW-MECHANICAL-INDEX CONTRAST-ENHANCED
TRANSABDOMINAL ULTRASOUND FOR DIAGNOSIS OF PANCREATIC CANCER:
A META-ANALYSIS

Y ASUNOBU Y AMASHITA,* TOSHIO SHIMOKAWA,T REIKO ASHIDA,* CHRISTOPH F. DIETRICH,"
.
Mirko D'ONOFRIO,? Y OSHIKI HIROOKA,'H MasaTtosHi Kupo, I HipEAKI MORI,#

ATsusHI SorUNL, ** and Masayuki Kitano™

* Second Department of Internal Medicine, Wakayama Medical University, Wakayama, Japan; ' Clinical Study Support Center,
Wakayama Medical University Hospital, Wakayama, Japan; * Department of Internal Medicine (DAIM), Hirslanden Kliniken Beau
Site, Salem und Permanence Bern, Switzerland; ¥ Department of Radiology, GB Rossi University Hospital, University, Verona, Italy;
T Department of Liver, Biliary Tract and Pancreas Diseases, Fujita Health University, Aichi, Japan; | Department of
Gastroenterology and Hepatology, Kindai University Faculty of Medicine, Osaka-Sayama, Japan; * Third Department of Internal
Medicine, Kyorin University School of Medicine, Tokyo, Japan; and ** Department of Gastroenterology and Hepatology, Tokyo
Medical University, Tokyo, Japan

(Received 21 February 2021; revised 31 July 2021; in final form 4 August 2021)

Abstract—The incidence and mortality rates of pancreatic cancer (PC) are increasing. It is important to discriminate
PC from the other pancreatic lesions; however, differential diagnosis based on conventional transabdominal ultrasound
(US) remains challenging even though US is often the first examination performed. Transabdominal contrast-enhanced
ultrasound (CEUS) has high diagnostic accuracy for PC. This meta-analysis aimed to examine the utility of low-mechan-
ical-index CEUS with enhancement for PC diagnosis. A systematic meta-analysis of all potentially relevant articles was
performed. Fixed-effects or random-effects models were used to investigate pooled sensitivity, specificity, positive likeli-
hood ratio (LR) and negative LR. The study enrolled 983 patients from nine eligible studies. The pooled estimates of sen-
sitivity and specificity were 92% (95% confidence interval [CI]: 0.89—0.94) and 76% (95% CI: 0.71—0.81), respectively.
The diagnostic odds ratio (DOR) for CEUS was high (53.62). The area under the summary receiver operating character-
istic curve was 0.95. Funnel plots revealed no publication bias, and there was no significant relationship between the
DORs and study characteristics, including continent, type of contrast agent, contrast agent dosage and scan phase. Only
number of patients affected diagnostic ability. This meta-analysis indicates that CEUS with enhancement pattern is use-
ful for diagnosis of PC. (E-mail: kitano@wakayama-med.ac.jp) © 2021 The Author(s). Published by Elsevier Inc. on
behalf of World Federation for Ultrasound in Medicine & Biology. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

Key Words: Contrast-enhanced transabdominal ultrasound, Enhancement pattern, Low mechanical index, Meta-
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INTRODUCTION Disease Study 2017 Pancreatic Cancer Collaborators
2019). Moreover, PC is still diagnosed in the advanced
stage. Initial screening for PC is performed using transab-
dominal ultrasound (US), because it is the most conve-
nient, simple and cost-effective diagnostic tool; also, the
patient is not exposed to ionizing radiation. However, US
alone has limitations with respect to differentiating PC
from benign solid pancreatic lesions as most solid pancre-
atic lesions appear as hypo-echoic lesions (Martinez-

Noguera and D’Onofrio 2007). Therefore, contrast-

Despite the rapid development of imaging modalities, the
incidence and mortality rates of pancreatic cancer (PC)
are rising rapidly; indeed, PC is the fourth leading cause
of cancer-related death in the United States
(Siegel et al. 2017). In 2017, there were 448,000 cases of
PC worldwide, a figure that is 2.3 times higher than the
196,000 cases recorded in 1990 (Global Burden of
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enhanced US (CEUS), which allows evaluation of the vas-
cularization of pancreatic lesions, improves characteriza-
tion and differentiation.
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Currently, low-mechanical-index CEUS is the most
accurate technique for investigating pancreatic lesions
because it allows real-time depiction of microvessels
and parenchymal perfusion without Doppler-related arti-
facts. Indeed, many studies report the utility of CEUS
for differential diagnosis of pancreatic lesions
(D'Onofrio et al. 2005, 2006; Dietrich et al. 2008;
Grossjohann et al. 2010; Vasile et al. 2012;
Serra et al. 2013; Miwa et al. 2014; Wang et al. 2018;
Tanaka et al. 2020).

Three meta-analyses have examined the use of
CEUS for differential diagnosis of pancreatic lesions
(Lin et al. 2016; Ran et al. 2017; Li et al. 2018); how-
ever, these reports included high- mechanical-index
CEUS, cystic lesions and other diagnostic criteria for
pancreatic cancer, such as the presence of vessels in the
tumor, a heterogeneous enhancement pattern and quanti-
tative analysis with time—intensity curves. Therefore,
we performed a meta-analysis of the utility of CEUS for
diagnosis of PC using unified criteria (i.e., enhancement
pattern). Moreover, we included only current state-of-
the-art low-mechanical-index CEUS techniques. Finally,
we analyzed differences in study characteristics (e.g.,
continent, type of contrast agent, contrast agent dosage,
scan phase and number of patients).

RESEARCH METHODS

The PubMed, Cochrane library and Google Scholar
databases were searched for relevant English-language
full-text articles using the following key words:
(“pancreatic cancer” OR “pancreatic mass” OR
“pancreatic carcinoma” OR “pancreatic lesions”) AND
(“contrast-enhanced” OR “echo enhanced” OR “contrast
enhancement”) AND (“US” OR “ultrasound” OR
“ultrasonography”). All pertinent articles were checked
carefully to identify further relevant articles.

INCLUSION AND EXCLUSION CRITERIA

The inclusion criteria were as follows: PC diagnosed
by CEUS with a hypo-enhancement pattern; low-mechani-
cal-index CEUS; final diagnoses determined by histopatho-
logical examination or clinical follow-up for at least 12 mo;
and provision of sufficient data to allow determination of
true-positive, false-positive, false-negative and true-negative
rates. The “hypo-enhancement pattern” was defined as a pat-
tern of enhancement in which vascularity was lower than
that of the surrounding pancreatic tissue on CEUS during
the early or late phase. When the pattern was hypo-enhance-
ment, the CEUS diagnosis was PC (Fig. 1). All reports that
used the same definition of “hypo-enhancement pattern”
were included. In all reports, informed consent was obtained
from each study participant, and the protocol was approved
by an ethics committee or institutional review board.
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Fig. 1. Representative case of pancreatic cancer with hypo-
enhancement pattern by contrast-enhanced transabdominal ultra-
sound. A hypo-echoic lesion 10 mm in size (arrowheads) was
depicted in the pancreas using fundamental B-mode ultrasound
observation systems (ARIETTA 850; Hitachi Aloka Medical,
Ltd, Tokyo, Japan) (left). After reconstitution with 2 mL of sterile
water for injection, 0.7 mL of Sonazoid (GE Healthcare, Tokyo,
Japan) was administered through a peripheral vein. Contrast-
enhanced transabdominal ultrasound (right) revealed that the
lesion (arrowheads) was hypo-enhancing compared with the sur-
rounding pancreatic tissue during the late phase.

The exclusion criteria were as follows: a cystic pan-
creatic lesion; lack of complete data; and conference
abstracts, case reports, reviews and editorials. Cystic
lesions were excluded because it is difficult to include
both solid and cystic lesions in a meta-analysis because
of the different classifications of contrast enhancement
(D'Onofrio et al. 2012).

STATISTICAL METHODS

The pooled estimates of sensitivity, specificity and
DORs were obtained using Meta-Disc Version 1.4.
Pooled results were analyzed using a fixed effect model
(Mantel—Haenszel method) when no significant hetero-
geneity was present and using a random-effects model
(DerSimonian—Laird method) when significant hetero-
geneity was present (Bell et al. 2019). The heterogeneity
of the studies was evaluated using the Cochrane Q-test
and the /* statistic. A summary receiver operating char-
acteristics (SROC) curve was constructed, and the area
under the SROC was calculated.

Meta-regression analysis was performed using the
following data: contrast agent = SonoVue (sulfur hexa-
fluoride microbubbles, Bracco, Italy) or Sonazoid (per-
fluorobutane microbubbles, GE Healthcare, Japan);
continent = Europe or Asia; contrast agent dosage (contin-
uous variable); scan phase = early or late phase; and num-
ber of patients <80 or >80. A funnel plot, constructed
using R3.4.3, was used to investigate publication bias. A
subgroup analysis was carried out after exclusion of out-
liers. p Values < 0.05 were considered to indicate statisti-
cal significance. The Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool was used to assess
the quality of the selected studies.
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RESULTS

Study selection and quality assessment

A total of 873 articles were identified from PubMed,
the Cochrane library and Google Scholar. After application
of the inclusion and exclusion criteria, 9 articles
(D'Onofrio et al. 2005, 2006; Dietrich et al. 2008,
Grossjohann et al. 2010; Vasile et al. 2012; Serra et al. 2013;
Miwa et al. 2014; Wang et al. 2018; Tanaka et al. 2020)
(983 patients in total) were selected for the final analysis.
Two studies were published by the same authors
(D'Onofrio et al.). However, before performing the
present meta-analysis, we confirmed that these studies
did not overlap in any way. Figure 2 is a flowchart
detailing the study selection process, and Table 1 lists
the main characteristics of the studies. QUADAS-2
assessment of the included studies revealed that most
had a low risk of bias (Fig. 3 and Table 2).

Diagnostic value

The pooled estimates of sensitivity and specific-
ity for the diagnosis of PC were 92% (95% confi-
dence interval [CI]: 89%—94%) and 76% (95% CI:

71%—81%), respectively (Figs. 4 and 5). The pooled
positive likelihood and negative LRs were 5.21(95%
CI: 2.80—-9.65) and 0.12 (95% CI: 0.08—0.17),
respectively (Figs. 6 and 7). CEUS was useful for the
diagnosis of pancreatic cancer, with a high value for
the DOR (53.62; Fig. 8). The area under the SROC
was 0.95 (Fig. 9). Funnel plots did not identify publi-
cation bias (Fig. 10).

Meta-regression

There was no significant relationship between the
DOR and the study characteristics (e.g., continent
[Europe vs. Asia], contrast agent [SonoVue vs. Sona-
zoid], contrast agent dosage [continuous variable] and
scan phase [early vs. late]). Only number of patients
affected diagnostic ability (Table 3). Assessment of
meta-regression detected three outliers
(D'Onofrio et al. 2005; Grossjohann et al. 2010;
Vasile et al. 2012), and subgroup analysis consisted of
the main results after exclusion of the three outliers
(Table 4).

Animal models, use of other imaging modalities, use of CE-US
for pancreatic cancer staging, use of CE-US to detect

pancreatic cystic lesions, or use of a first-generation contrast

Review, case-report, abstract, or, editorials (n= 178)

12 full texts did not include “pancreatic cancer”; 63
full texts did not included contrast-enhanced
ultrasound; nine full texts included other criteria
with contrast-enhanced US; 25 did not report
sufficient data; four were meta-analyses (one
included endoscopic ultrasound); four were
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Fig. 2. Flowchart of the study selection process. A total of 873 articles were identified. After application of the inclusion
and exclusion criteria, 983 patients from nine eligible studies were selected for the final analysis. CE-US = contrast-
enhanced ultrasound.
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Table 1. Characteristics of the selected studies

Publication Country No. of patients Sex (M/F) Age Diagnostic standard Contrast agent Gold standard

Study

Tanaka et al. 2020 Full text ~ Japan 200 108/92
Wang et al. 2018 Full text China 136 —
Miwa et al. 2014 Full text ~ Japan 85 47/38
Serra et al. 2013 Full text Italy 127 76/68
Vasile et al. 2012 Full text Romania 59 —
Grossjohann et al. 2010 Full text Denmark 49 26/23
Dietrich et al. 2008 Full text Germany 112 —

D'Onoftrio et al. 2006
D'Onofrio et al. 2005

Full text Ttaly 173 —
Full text Italy 42 —

66  Hypo-enhancement Sonazoid
—  Hypo-enhancement SonoVue
68  Hypo-enhancement Sonazoid

Histology follow-up (>24 m)
Histology follow-up (>12 m)
Histology follow-up (>12 m)

67.2 Hypo-enhancement SonoVue Histology
—  Hypo-enhancement SonoVue Histology
66  Hypo-enhancement SonoVue Histology
—  Hypo-enhancement SonoVue Histology
—  Hypo-enhancement SonoVue Histology
—  Hypo-enhancement SonoVue Histology

Risk bias

Flow and timing

Reference standard

Index test

patient selection

0% 20% 40% 60% 80% 100%

mlLow mUnclear mHigh

Reference standard

Applicability

Index test

patient selection

0% 20% 40% 60% 80% 100%
mlLow mUnclear mHigh

Fig. 3. Quality assessment of studies according to Quality Assessment of Diagnostic Accuracy Studies 2. Red: high risk
of bias; yellow: unclear risk of bias; blue: low risk of bias. QUADAS-2 assessment of the included studies revealed that
most had a low risk of bias.

Table 2. Quality assessment of studies according to QUADAS-2

Risk bias Applicability concerns
Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Tanaka et al. 2020 Unclear Low Low Low High High High
Wang et al. 2018 Low Low Low Low High High High
Miwa et al. 2014 Low Low Low Low Low High High
Serra et al. 2013 Low Low Low Low Low High High
Vasile et al. 2012 Low Low Low Low High High High
Grossjohann et al. 2010  Low Low Low Low Low High High
Dietrich et al. 2008 Low Low Low Unclear Low High High
D'Onoffrio et al. 2006 High Unclear  Low Unclear High Unclear  High
D'Onoftio et al. 2005 Unclear Unclear Low Low High High High

QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies 2.

QUADAS-2 assessment of the included studies revealed that most had a low risk of bias.

DISCUSSION

This meta-analysis on the utility of CEUS with
assessment of the enhancement pattern revealed a pooled
sensitivity and specificity of 92% and 76%, respectively,
for diagnosis of pancreatic cancer. In this study, there
was significant inconsistency (I > 50% and p < 0.05)
among parameters such as sensitivity, specificity, posi-
tive LR, negative LR and DOR. Therefore, we

performed meta-regression analysis of contrast agent
dosage, scan phase, number of patients, continent and
type of contrast agent to determine the reason for
this inconsistency. Meta-regression analysis revealed
that only the number of patients affected diagnostic
ability. Therefore, we performed a subgroup analysis
of the number of patients. The results indicated that
the significant inconsistency between sensitivity and
negative LR was improved, suggesting that the small
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Fig. 4. Forest plots of the pooled sensitivity of contrast-enhanced transabdominal ultrasound for diagnosis of pancreatic
cancer. The pooled estimate of sensitivity for the diagnosis of pancreatic cancer was 92% (95% confidence interval [CI]:
89%—94%).
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Fig. 5. Forest plots of the pooled specificity of contrast-enhanced transabdominal ultrasound for diagnosis of pancreatic
cancer. The pooled estimate of specificity for the diagnosis of pancreatic cancer was 76% (95% confidence interval [CI]:
71%—81%).
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Fig. 6. Forest plots of the pooled positive likelihood ratios of contrast-enhanced transabdominal ultrasound for diagnosis
of pancreatic cancer. The pooled positive likelihood ratio (LR) was 5.21 (95% confidence interval [CI]: 2.80—9.69).

The area under the SROC was 0.95, which is
close to 1. These data indicate that CEUS has good
performance in the diagnosis of pancreatic cancer.
Unfortunately, there were few reports comparing

number of cases reported in three studies caused the
variability in the results. However, it is difficult to
detect significant inconsistencies in specificity, posi-
tive LR and DOR using meta-regression analysis.
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Fig. 7. Forest plots of the pooled negative likelihood ratios of contrast-enhanced transabdominal ultrasound for diagno-
sis of pancreatic cancer. The pooled negative likelihood ratio (LR) was 0.12 (95% confidence interval [CI]: 0.08—0.17).
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Fig. 8. Forest plot of the diagnostic odds ratio of contrast-enhanced transabdominal ultrasound for diagnosis of pancre-
atic cancer. CE-US was useful for diagnosis of pancreatic cancer, with a high value for the odds ratio (53.62).

CEUS with CE endoscopic ultrasound (CEEUS) for
diagnosis of PC. Indeed, no study compared these
two imaging methods in same article, which is insuf-
ficient for meta-analysis. However, a previous meta-
analysis with the same second-generation contrast
agents revealed that the area under the SROC of
CEEUS for PC was 0.97 (Yamashita et al. 2019).
Therefore, CEUS has good diagnostic ability for PC,
similar to that of CEEUS.

The QUADAS-2 assessment indicated that most stud-
ies had a low risk of bias; indeed, funnel plots revealed no
publication bias. Moreover, CEUS is advantageous when
patients have contraindications to magnetic resonance imag-
ing and computed tomography (CT) contrast agents (e.g.,
renal failure or contrast allergy) (Reddy et al. 2011). Con-
trast-enhanced ultrasound (CEUS) also allows for dynamic
and repeat examinations because it does not expose the
patient to ionizing radiation (Chung and Kim 2015). In addi-
tion, a previous study reported that CEUS is useful for diag-
nosis of small pancreatic lesions, which were not detected
by CT (Tanaka et al. 2020). Therefore, we conclude that
CEUS is more accurate than CT because it can detect
smaller pancreatic cancers.

The results of this analysis are similar to the findings
of three previous meta-analyses (Lin et al. 2016;
Ran et al. 2017; Li et al. 2018), although the three previous
reports were limited with respect to reference selection.
First, some studies cited in the previous meta-analyses
included pancreatic cystic lesions. The vascularity of these
cystic lesions was not assessed because it is difficult to
include both solid and cystic lesions in a meta-analysis
because of the different classifications of contrast enhance-
ment. Second, the previous meta-analyses included various
reports that used heterogeneous methods to analyze images,
such as such as the presence of vessels in the tumor, a het-
erogeneous enhancement pattern and time—intensity
curves. Therefore, we included only reports that used
enhancement pattern as a diagnostic criterion because it is
the most common clinical criterion for a diagnosis of PC
by CEUS. Third, high-mechanical-index CEUS suffers
from problems related to real-time depiction, repeat exami-
nations and spatial resolution (Chung and Kim 2015). By
contrast, low-mechanical-index CEUS allows visualization
of microvessels and provides detailed information on
parenchymal perfusion; this results in high spatial resolu-
tion and real-time depiction, along with the option of repeat
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Fig. 9. Summary receiver operating characteristic (SROC) curve for the diagnostic accuracy of contrast-enhanced trans-
abdominal ultrasound. AUC = area under the curve; SE = standard error; Q = the point at which sensitivity and specific-
ity are equal. The area under the SROC was 0.95.
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Fig. 10. Funnel plot of publication bias. Funnel plots did not
identify publication bias.

examination if needed. Therefore, low-mechanical-index
CEUS is the most accurate technique for investigating pan-
creatic lesions. Based on the aforementioned facts, we
focused on studies of low-mechanical-index CEUS imag-
ing techniques and the enhancement pattern (hypo-
enhancement).

This study has some limitations. First, significant het-
erogeneity might have affected interpretation of the data and
the conclusions reached. However, a random-effects model

Table 3. Meta-regression to identify potential sources of

heterogeneity
Characteristic Relative diagnostic p Value
odds ratio (95% CI)
Region (Asia/Europe) 0.94 (0.06—12.5) 0.957
Sonazoid/ SonoVue 0.56 (0.05—5.82) 0.570
Contrast agent dosage 3.6 (0.59—-22.06) 0.121
(continuous variable)
Scan phase (early/late phase) 0.26 (0.01—-8.89) 0.386
No. of patients (<80/>80) 0.17 (1.46—45.63) 0.024

CI = confidence interval.
There was significant relationship between the diagnostic odds ratio
and number of patients.

Table 4. Subgroup analyses with outliers excluded

Pooled value(95% CI)  p Value  F*(%)

Sensitivity 0.93 (0.91-0.95) 0.45 0
Specificity 0.74 (0.69—0.79) 0.00 91.6
Positive likelihood ratio  5.23 (2.46—11.13) 0.00 88.9
Negative likelihood ratio  0.09 (0.07—0.12) 0.65 0
Diagnostic odds ratio 75.55(27.25-209.45)  0.01 66.8

CI = confidence interval.
The significant inconsistency between sensitivity and negative likeli-
hood ratio improved.

(DerSimonian—Laird method) was used and when signifi-
cant heterogeneity was detected. We also performed the
meta-regression analysis or subgroup analysis to determine
the reason of obvious inconsistency. Second, exclusion of
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conference abstracts, case—control studies, case reports,
reviews, editorials and unpublished data may have resulted
in publication bias, so that our results may have overesti-
mated the actual diagnostic performance.

CONCLUSIONS

We determined that low-mechanical-index CEUS is
a useful tool for diagnosis of pancreatic cancer, with
high sensitivity and accuracy, regardless of the second-
generation US contrast agent used, continent, contrast
agent dosage and scan phase. Thus, low-mechanical-
index CEUS may improve diagnostic accuracy in PC in
clinical practice.
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