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Abstract
Purpose  To assess the diagnostic accuracy and safety of contrast-enhanced voiding urosonogram using second-generation 
contrast with harmonic imaging (CEVUS-HI) in detecting vesicoureteral reflux (VUR) among children.
Methods  A systematic literature search was performed in March 2018. Relevant comparative studies from Medline, 
EMBASE, World of Science, Scopus, CENTRAL, WHO trial registry and Clinicaltrials.gov were identified and appraised 
using QUADAS-2. Diagnostic accuracy parameters were determined using VCUG as the reference standard. Adverse effects 
related to ultrasound contrast were summarized. The heterogeneity and inter-study variability were determined. After appro-
priate subgroup diagnostic accuracy parameters were investigated, summarizing receiver operator characteristics was con-
structed using the bivariate model meta-regression to determine the area under the curve (AUC).
Results  A total of 12 studies with low–high risk of bias, including 1917 ureteral units from 953 patients were assessed for 
this meta-analysis. The included studies reported no serious adverse events associated with the ultrasound contrast. The 
pooled diagnostic accuracy parameters of CEVUS-HI in detecting VUR amongst children were: sensitivity 90.43 (95% CI 
90.36–90.50), specificity 92.82 (95% CI 92.76–92.87), the calculated (+) likelihood-ratio 12.59 (95% CI 12.49–12.68), 
(−) likelihood-ratio of 0.103 (95% CI 0.102–0.104) and extrapolated pooled diagnostic odds-ratio was 122.12 (95% CI 
120.75–123.49). Heterogeneity with interstudy variability was noted (p < 0.0001, I-squared > 70%). The AUC was deter-
mined to be 0.965 for VUR detection.
Conclusions  The pooled diagnostic accuracy parameters from low–moderate quality of evidence have illustrated that the 
CEVUS-HI study has an excellent safety profile and acceptable diagnostic accuracy. It may be considered as an alternative 
diagnostic modality for assessment of VUR among children.

Keywords  Contrast-enhanced voiding urosonogram · Diagnostic accuracy · Vesicoureteral reflux · Voiding 
cystourethrogram

Introduction

Currently, as recommended by the clinical practice guide-
lines of the European Society of Pediatric Urology and 
American Urological Association, the voiding cystourethro-
gram (VCUG) is considered the gold standard for diagnostic 
imaging of VUR among the pediatric population with uri-
nary tract infections (UTIs) [1, 2]. However, due to the ioniz-
ing radiation exposure related to VCUG, further exploration 
for other diagnostic modalities, such as contrast-enhanced 
voiding urosonogram (CE-VUS), as the potential alternative 
for VCUG has been initiated [3].

In recent reviews, CEVUS alone has a diagnostic accu-
racy of approximately 78–97% in the diagnosis of VUR [4, 
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5]. Using the second-generation contrast for CEVUS has 
been shown to have longer stability than the first generation 
and is being further augmented for better diagnostic accu-
racy with the use of the “harmonic imaging” mode on newer 
ultrasound machines. Harmonic imaging is based mainly on 
the non-linear propagation property of US waves, thereby 
increasing contrast and spatial resolution. This results in 
clearer and smoother images, as well as the detection of a 
more conspicuous microbubble [6]. Hence, we hypothesize 
that CEVUS, using the second-generation contrast with har-
monic imaging, due to its better capability than standard 
ultrasound to detect retrograde flow up to the upper tract, 
may be considered as an alternative, safe and reliable diag-
nostic modality to evaluate VUR among children. However, 
to date, there is no literature that has exclusively defined the 
diagnostic accuracy of CEVUS focused on using HI mode 
for the detection of VUR. Our study aims to evaluate the 
accuracy of CEVUS using second or later generation ultra-
sound contrast with harmonic imaging in the diagnosis of 
VUR among the pediatric population compared to the refer-
ence standard VCUG.

Methodology

This meta-analysis was registered in our institutional 
research board (IRB# CT18147) and was conducted based 
on the recommendations of Cochrane collaboration and 
reporting compliant with the PRISMA-DT statements [7, 8].

A systematic literature search was conducted on March 
8, 2018 through Medline, EMBASE, Web of Science, and 
Cochrane central register of controlled trial (CENTRAL) 
utilizing both Medical Subject Headings (MeSH) and free 
text in the retrieval of related records. An additional search 
for relevant articles and ongoing trials was made in Scopus, 
World Health Organization International clinical trials reg-
istry platform (WHO-ICTRP) and Clinicaltrials.gov using 
the simplified and sensitive search strategy for retrieval of 
related records: (Urosonogram OR Urosonography) AND 
Ureterovesical reflux (see ESM Appendix 1 for details of 
the search strategies used).

Diagnostic studies comparing the accuracy of harmonic 
imaging as the index modality versus VCUG as the refer-
ence were included in this meta-analysis. Furthermore, an 
expert in the field was contacted through e-mail for any 
possible unpublished studies which may be deemed eligible 
for inclusion. Relevant surveys, reviews, and commentar-
ies were excluded only after cross-referencing was done for 
other relevant potential citations. In cases of non-English 
articles, translation using translate.google.com was done to 
determine the eligibility of the study.

Excluded from the review were studies with (a) no 
description of the use of the harmonic imaging mode or 

contrast-specific settings despite using CEVUS, (b) lack 
of a biochemical contrast, (c) a case-series and case report 
design, (d) a comparative design not using VCUG as a refer-
ence, and (e) no negative condition comparators.

Two reviewers independently screened and assessed 
the records for eligibility based on the titles and abstract. 
Another two rounds of screening and assessment were per-
formed independently by the two reviewers for further iden-
tification of eligible studies. Full text of the tagged studies 
as per the recommendation of the reviewers was obtained to 
assess eligibility based on the inclusion and exclusion crite-
ria. Included studies were then subjected to methodological 
quality assessment.

Critical appraisal of the methodological quality was done 
using the Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS-2) tool (ESM Appendix 2). The tool consists 
of four key domains namely (1) patient selection, (2) index 
test, (3) reference study, and (4) patient flow through the 
study. The domains are assessed to determine the risk of bias 
and applicability of the index diagnostic modality. Risk of 
bias was defined as “low”, “high” or “unclear” based on the 
appraisal of the reviewer [9, 10].

The data pertaining to sex ratio, age range, contrast uti-
lized, reaction to contrast and VUR grading were extracted 
and summarized for each included study. A 2 × 2 table con-
taining true positive (TP), false positive (FP), true negative 
(TN), and false negative (FN) values were either directly 
lifted from each study if the raw data was given and encoded 
based on the ureteral units (UU), or were indirectly derived 
using Revman5 reverse calculation if only the test for accu-
racies such as sensitivity and specificity were reported [10]. 
These values were then encoded and pooled on the meta-disc 
program for assessment of threshold effect and co-variate 
interactions [11]. The inter-study heterogeneity and variabil-
ity were tested using Chi-squared and I-square, respectively, 
using meta-disc program. Significant heterogeneity was 
defined as p value <0.1 and I-square >40%. Univariate meta-
regression was performed to assess the effect of diagnostic 
threshold, study quality domains and contrast as covariate 
causing heterogeneity. Sensitivity analysis was attempted 
when an adequate number of studies allowed assessment 
of the robustness of the meta-analysis based on covariates 
causing heterogeneity.

For the analysis of data, a forest plot of the overall pooled 
diagnostic accuracy estimates and corresponding 95% confi-
dence intervals (CI) was then encoded and obtained from the 
RevMan5 [10]. A modification of exact binomial rendition 
of bivariate mixed-effects regression model adapted for syn-
thesis of diagnostic test data was employed [12]. The use of 
this method preserves the two-dimensional nature of the data 
and accounts for the correlation between diagnostic indices, 
rather than transforming individual study’s pairs of sensi-
tivity and specificity into a single indicator of diagnostic 
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accuracy. Using this model, estimation of the mean logit sen-
sitivity and specificity, with their standard errors (SEs) and 
95% CIs, estimates of the between-study variability in logit 
sensitivity and specificity, as well as the covariance between 
them, is achieved. These quantities are then reverted back to 
the original receiver operating characteristics (ROC) scale 
to derive the sensitivity, specificity, likelihood ratios and 
diagnostic odds ratio (dOR). The derived logit estimates 
of sensitivity and specificity and their respective variances 
are used to construct an SROC curve for CEVUS-HI, with 
summary operating points for sensitivity and specificity on 
the curve and a 95% confidence contour ellipsoid. The final 
SROC curve was configured using the bivariate regression 
parameters encoded into the RevMan5 to plot the diagnostic 
accuracy considering the sensitivity in relation of 1-specific-
ity and area under the curve (AUC) was calculated. An AUC 
value of 0.91–1.0 was equivalent to excellent, 0.81–0.9 was 
equivalent to good, 0.71–0.8 was equivalent to fair, 0.61–0.7 
was equivalent to poor, and less than 0.61 was equivalent to 
failure. To assess the presence of publication bias, Metadisc 
package of R project was used to generate a funnel plot of 
the standard error of log (dOR) against the dOR. Further 
statistical analysis for plot asymmetry was performed using 
the Macaskill modification of Egger’s regression method, 
which is a multiplicative dispersion model using study size 
as the independent variable with consideration of heterosce-
dastic effect [12, 13].

Results

A total of 481 relevant records were retrieved from the lit-
erature search. After removal of duplicate records, 426 were 
screened for eligibility. After two rounds of screening, 39 
full-text articles were retrieved for the final assessment of 
inclusion eligibility. Twenty-seven studies were excluded 
for reasons stated in Supplementary Figure 1. Twelve stud-
ies were eligible for qualitative and quantitative review and 
meta-analysis [14–25].

Study characteristics

Table 1 summarizes the characteristics of the included stud-
ies. All studies utilized second or later generations of ultra-
sound contrast, particularly the sulfur hexafluoride lipid-type 
A microsphere (Sonovue, Bracco, Milan, Italy) [14–24] or 
the Perflutren Protein-type A microsphere (Optison, GE 
Healthcare AS, Oslo, Norway) [25]. Variable dosing pro-
tocols as to the infusion of Sonovue were described. How-
ever, the most common protocol used was the infusion of 
1 ml contrast after 1/3 of bladder capacity [(age in years 
+ 2) × 30] was achieved. Optison, on the other hand, was 
prepared to 0.2% dilution in 100 ml saline, then infused 

by gravity to bladder capacity. Repeat or additional doses 
were given as needed to further visualize the contralateral 
side or voiding phase. The majority of the included stud-
ies describes expected adverse events, of which none were 
reported (Table 1).

The age of the recruited patients in the included studies 
ranged from 6 days to 17.5 years old. Most studies described 
the underlying reason for screening or investigating VUR, 
which included: urinary tract infection, dilation of the upper 
urinary tract, suspected VUR due to a neurogenic condition, 
positive family history, as well as follow-up assessment for 
VUR.

Study methodological quality (QUADAS‑2)

Overall, the comparative studies included for this meta-
analysis were assessed to be of low to high risk of bias. 
A summary of the study quality assessment based on the 
QUADAS-2 tool is presented in Supplementary Figure 2.

Diagnostic accuracy of index test

A total of 1917 ureteral units were derived from 953 patients 
recruited by the included studies. VUR was detected by 
VCUG in 508 (26.4%) ureteral units, while 635 (33.1%) 
were classified as VUR positive by the CEVUS-HI. Ini-
tial pooling of diagnostic accuracy parameter performed 
in Metadisc using DerSimonian–Laird method detected 
significant heterogeneity with large inter-study variability 
within the included studies (Chi-squared p value < 0.0001, 
I-squared > 70%) (Supplementary Figures 3–5). To assess 
possible sources of heterogeneity, a univariate meta-regres-
sion was performed with each study domain’s risk of bias 
considered as variables. This revealed no statistical signifi-
cance among the study domains (Supplementary Table 1). 
Further assessment of the diagnostic threshold using the 
Spearman correlation coefficient between sensitivity and 
specificity, similarly, showed no statistical significance 
(Spearman r = 0.018, p = 0.957). Using Moses–Shapiro–Lit-
tenberg’s model with restricted maximum likelihood estima-
tion, showed no statistical significance with the dOR being 
constant and suggestive of diagnostic accuracy not being 
related to any threshold effect (Tau squared estimate 1.4344, 
p = 0.933).

The overall pooled diagnostic accuracy parameters gen-
erated using bivariate mixed-effects regression model for 
CEVUS-HI based on VCUG as the reference, determined 
a pooled sensitivity 90.43 (95% CI 90.36–90.50), specific-
ity 92.82 (95% CI 92.76–92.87) (Fig. 1). The calculated 
positive likelihood ratio 12.59 (95% CI 12.49–12.68) and 
negative likelihood ratio 0.103 (95% CI 0.102–0.104); 
while the extrapolated pooled dOR was 122.12 (95% CI 
120.75–123.49). Using bivariate regression parameters the 
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SROC was plotted with an estimated AUC 0.9648 (standard 
error 0.0124), which considered an excellent diagnostic com-
parability to the reference test (Supplementary Figure 6).

Assessment of funnel plot generated with dOR and 
SElog(dOR) from all the included studies has shown a prob-
able plot asymmetry suggestive of small study effect (Sup-
plementary Figure 7). Further regression test has shown a 
suggestive presence of publication bias (Macaskill modifica-
tion of Egger’s regression t = − 3.1275, df = 10, p = 0.0107).

Discussion

The result of our meta-analysis has indicated that based on 
VCUG as the reference standard, CEVUS-HI is considered 
to be highly accurate in detecting VUR among children. The 
pooled diagnostic parameters, as well as the AUC of SROC, 
are noted to be > 0.90, which is considered an outstanding 
model of diagnostic modality for predicting the condition 
[26]. Furthermore, studies included in this review have also 
reported a wide safety margin with no serious adverse events 
related to the use of the contrast. This was in congruence 
with prior reports and further justifies its application to the 
pediatric population [27].

Similar to the VCUG and direct radionuclide cystog-
raphy (DRC), contrast-enhanced voiding urosonogram 
was performed by introducing intra-vesical contrast via a 
urethral catheter to assess the presence of retrograde uri-
nary flow to the upper tracts [3]. While compared to the 
first-generation contrast (Levovist), which is off the market, 

the second-generation contrasts were found to have longer 
stability in a water solution (2 h versus 6 h), which may 
allow for decreased contrast volumes without compromis-
ing improved dynamic imaging, specifically when using a 
low mechanical index, thereby increasing its reliability [3, 
14, 28].

However, unlike VCUG, contrast-enhanced voiding 
urosonogram is highly operator dependent requiring great 
proficiency and expertise, and is known to provide a poor 
anatomic illustration [29, 30]. This limitation has been 
addressed in several studies with the harmonic imaging 
mode of ultrasound contrast setting. The use of harmonic 
imaging in VUS has shown an increase in the sensitivity 
and specificity with superior evaluation of the retrovesical 
space and renal pelvis, while generating an acceptable image 
of the microbubbles as shown by several studies comparing 
with conventional VUS [29]. Several studies have shown 
that harmonic imaging for VUS can detect VUR with good 
accuracy by increasing contrast and spatial resolution, while 
reducing artifacts resulting in a better image quality [4].

Combining improved contrast (second or later genera-
tions) with harmonic imaging, a synergistic potential was 
created to improve the overall diagnostic accuracy for detect-
ing VUR [4, 6]. The result of our meta-analysis was able 
to show that CEVUS-HI has optimal diagnostic accuracy 
in detecting VUR with high likelihood ratios as well as 
dOR. Furthermore, it allows for the real-time assessment 
of voiding dynamics with the simultaneous evaluation of 
upper tracts and renal parenchyma prior to more invasive 
and radiation containing procedures [6].

Fig. 1   The overall pooled diagnostic accuracy parameters (forest plot 
for sensitivity and specificity with tabulated all diagnostic accuracy 
parameters) generated using bivariate mixed-effects regression model 

for CEVUS-HI based on VCUG as reference (extrapolated numbers 
as renal units). TP true positive, FP false positive, FN false negative, 
TN true negative, CI confidence intervals
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Our study performs a diagnostic meta-analysis appropri-
ately according to the Cochrane Collaboration recommen-
dation and reported according to the PRISMA-DTA [7, 8]. 
Furthermore, we are able to specifically assess the diagnostic 
accuracy of CEVUS that is attributable to the specific use 
of second or later generations of contrast with the harmonic 
imaging mode. However, despite the sensitive search strat-
egy employed and attempt to identify unpublished studies, 
only a few studies were available for quantitative assess-
ment. Publication bias was also likely, given that the avail-
able studies were reported from large centers with CEVUS 
and required expertise. Furthermore, the included compara-
tive studies in this meta-analysis were found to have low to 
high risk of bias and a significant heterogeneity with high 
inter-study variability. Particularly, there are some technical 
and methodological differences between the studies while 
performing CEVUS-HI, which may affect the assessment 
of the diagnostic accuracy. Furthermore, the overall 26% 
(low) detection rate of VUR by standard reference VCUG 
in our pooled analysis, could be due to varied and unspecific 
indications for a VCUG among the included studies, which 
also contributes to the heterogeneity in the pooled diagnostic 
estimates. Despite the fact that meta-regression was not able 
to identify a specific source of heterogeneity nor likelihood 
of threshold effect to perform a subgroup analysis, we used 
the bivariate regression model. This analytical approach 
appropriately mitigates any possible interaction of the study 
indices or covariates with the accuracy parameter. Therefore, 
the generated SROC with AUC is likely to illustrate a better 
methodical perspective on the diagnostic accuracy of the 
CEVUS-HI with second-generation contrast [7, 13].

Overall based on the low–moderate quality of evidence 
generated from our meta-analysis, the use of CEVUS-HI as 
an alternative primary diagnostic modality to detect VUR 
cannot be strongly recommended. However, our study has an 
important contribution to the literature in summarizing the 
diagnostic parameters of CEVUS-HI and gives vital insight 
to clinicians who want to consider this as an alternative 
option for evaluation of children with VUR. It is particu-
larly useful if a large volume center with the appropriate 
expertise would want to invest in state-of-the-art technol-
ogy and increase their armamentarium of diagnostic studies. 
With the availability of newer contrast materials and more 
sophisticated ultrasound machines, further exploration of the 
adjunctive and synergistic potentials with contrast-enhanced 
voiding urosonogram for detecting VUR is recommended.

Conclusion

Our meta-analysis based on low–moderate quality of evi-
dence has shown that CEVUS-HI, when compared to 
VCUG, has an acceptable diagnostic accuracy in detecting 

VUR among children. With its good safety profile and lack 
of ionizing radiation, CEVUS-HI may be considered as an 
alternative to VCUG. This diagnostic modality is particu-
larly optimal for highly specialized centers with expertise 
on the approach.
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