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Abstract

Purpose The purpose of this systematic review is to
assess the accuracy of contrast-enhanced ultrasound
(CEUS) to computed tomography angiography (CTA) for
the detection of endoleaks within EVAR surveillance
program.

Material and methods A systematic review in Pubmed,
Embase and Cochrane database was performed. Articles
assessing diagnostic accuracy and comparative modality
(CTA vs. CEUS) for endoleaks in adult patients within
surveillance programs were retrieved. Methodological
assessment was performed, using the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS) tools. The
sensitivity and specificity of data were extracted and sta-
tistical analysis was performed using MetaDiSc version
1.4.

Results Eight articles were found eligible (n = 454
patients). The pooled sensitivity of CEUS at detecting
endoleak is 0.914 (CI 0.866-0.949) and pooled specificity
is 0.782 (CI 0.741-0.820).

Conclusion The CEUS with its dynamic nature and
longer scanning window demonstrated to be a highly sen-
sitive modality for endoleak detection in comparison to
CTA in delayed endoleaks type II.
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Riassunto

Scopo  Scopo di questa revisione & stato valutare 1’accu-
ratezza dell’ecografia con mezzo di contrasto (CEUS)
rispetto all’Agio Tomografia Computerizzata (CTA) per il
rilevamento di endoleak, nell’ambito del programma di
sorveglianza EVAR.

Materiali e Metodi E’ stata eseguita una revisione si-
stematica nei database Pubmed, Embase e Cochrane. Sono
stati valutati gli articoli che prendevano in considerazione
I’accuratezza diagnostica e il confronto (CTA Vs CEUS)
per endoleak, in pazienti adulti nell’ambito di programmi
di sorveglianza. La valutazione metodologica ¢ stata eff-
ettuata utilizzando come strumento il Quality Assessment
of Diagnostic Accuracy Studiesla (QUADAS). Sono state
estratte sensibilita e specificita ed ¢€ stata effettuata 1’analisi
statistica utilizzando MetaDiSc version 1.4.

Risultati Sono stati trovati otto articoli adatti allo studio
(n = 454 pazienti). La sensibilita della CEUS nell’indi-
viduare endoleak ¢ 0,914 (CI 0,866-0,949) e la specificita
0,782 (CI 0,741-0,820).

Conclusione La CEUS, per la sua natura dinamica e la
possibilita di scansione piu lunga, ha dimostrato di essere
una modalita altamente sensibile per la rilevazione di en-
doleak rispetto alla CTA negli endoleak di tipo II.

Introduction

Endovascular (EVAR) approach in AAA repair, described
in 1991, is an accepted alternative to open surgery for
selected group of patients [1]. If therapy for AAA is indi-
cated, then treatment via open surgery or EVAR depends
on variables and patient risk factors [2]. Despite significant
reduction in peri-operative morbidity and mortality in
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EVAR patients [3-5], endoleak post-EVAR remains an
important complication. The current data exhibit endoleak
in 15-45 % of EVAR cohort [6] and their correct under-
standing demands special attention as different treatment
strategies depend on their initial classification.

The Society of Interventional Radiology states that there
are five goals of post-EVAR imaging, two of which involve
aneurysm sac measurement and endoleak detection. The
imaging modalities deployed to achieve these goals
including plain radiography, computed tomography angi-
ography (CTA), magnetic resonance angiography (MRA),
conventional angiography and colour duplex ultrasound.
The diagnostic accuracy of each imaging modality in
detecting endoleaks varies but the ideal modality should be
inexpensive, widely available, reproducible, accurate and
with minimum radiation exposure [7].

Currently, CTA remains the main surveillance modality
as it enables accurate evaluation of aneurysm morpholog-
ical changes, sac diameter, graft anchorage and integrity
[8]. Colour duplex ultrasound (US) is an adjunct modality
commonly used with CTA for in post-EVAR surveillance.
US is non-invasive, inexpensive, portable, and involves no
exposure to radiation and nephrotoxic contrast. Doppler
waveform analysis can also provide information on flow
direction. However, rapid advances in imaging techniques
combined with the development of new generation of
contrast agents have improved the application of the
ultrasound. Contrast-enhanced ultrasound (CEUS) is a
relatively new, cost effective and minimally invasive
modality in detection of endoleaks.

Therefore, the purpose of this systematic review and
meta-analysis is to examine the accuracy of CEUS in
comparison to CTA in detection of endoleaks in post-
EVAR patients with emphasis on delayed type II.

Materials and methods
Literature search

An electronic search in Pubmed, Embase and Cochrane
database for original articles from 1997 to January 2013
was performed. The language was restricted to English
only. Key search terms were ultrasound, abdominal aortic
aneurysm, surveillance, computed tomography, contrast
agents, levovist, optison, sonovue, endoleak, sensitivity
and specificity (Fig. 1).

Inclusion criteria
The inclusion criteria were: (1) retrospective and pro-

spective cohort studies comparing CEUS and CTA for the
detection of endoleaks (2) CTA defined as the reference
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standard or as a comparative modality (3) Concurrent
CEUS and CTA within EVAR surveillance programs (4)
Unselected patients after EVAR (5) Sufficient data for
determination of both true- and false-positive results.

Exclusion criteria

The exclusion criteria included: (1) review articles, (2)
individual studies with less than ten patients, (3) operators
not being blinded to other diagnostic results, (4) non-con-
current scans within 1 month along with delay CEUS and
CTA, (5) non-fully paired study design with subjects
receiving only a subset of tests, (6) inadequate CTA or
CEUS protocol for reproducibility, (7) selected patients
based on previous test outcomes, and (8) non-consecutive
enrolment of subjects.

Quality assessment

Quality assessment was carried out using QUADAS, a
generic tool specifically designed for the use in diagnostic
test accuracy reviews [9]. QUADAS was utilised to
examine key attributes of each included study to mini-
mising bias and assure methodological integrity. QUADAS
contains 14 recommended quality items, 3 of which (items
2, 8, 9) are omitted by the Cochrane Collaboration as they
are clarity items rather than items that assess methodo-
logical validity. Studies included for this review were all
evaluated against all 14 QUADAS criteria. Heterogeneity
and differences in clinical or methodological characteris-
tics of studies were noted and considered when analysing
study results for both excluded and included studies
(Table 1).

Data analysis

Execution of meta-analysis depended on the number,
methodological quality of the primary studies and the
degree of their heterogeneity in estimation of the diagnostic
accuracy. The result demonstrated the sensitivity and
specificity of the studies to be fairly homogeneous. No
implicit cutoff effect was applied in all studies and a fixed
effect model was, therefore, utilised for statistical pooling.
A random effect model was avoided as this weights smaller
studies proportionally higher than a fixed effect model
when estimating a summary effect. According to the
Cochrane collaboration guideline, the individual studies
were analysed and reported by paired forest plots of sen-
sitivity and specificity, confidence intervals and summary
receiver operator curve (SROC) (Fig. 2). The statistical
analysis of the data was performed using Meta-DiSc ver-
sion 1.4. Individual data (true positive, false positive, false
negative, true negative) for each study were entered into
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Fig. 1 Literature search
flowchart—QUOROM diagram

Embase, Medline

Search MeSH and keywords
e.g. (ultrasound AND
endoleak).tw

n=27

n = 45 citations and abstracts Studies excluded
n==6
>
v Four German language
Two French language
Papers retained for further studies excluded
evaluation
n=39
Studies excluded
n=12
>
A 4 Nine studies not trial design
Potentially appropriate studies Three studies abstract only*
to be included in meta-analysis

Studies excluded

n=19

A 4

2 x systematic reviews

n=8

Trials included in
meta-analysis

1 x classification study, not detection
1 x not accessible (Maggio et al, 2001)
3 x <10 subject study

2 x CTA not sole reference test

3 x non-reproducible test protocols

1 x contingency table not possible

1 x AAA data not differentiable

3 x test bias - known test outcomes

the program. This allowed pooled sensitivity and speci-
ficity values to be computed along with diagrammatical
forest plots and a plot for SROC. The 95 % confidence
intervals were computed with outcomes.

Results

Search results

The electronic search yielded a total of 45 publications and
abstracts. Six papers were excluded due to language. Fur-

thermore, 12 papers were excluded due to the lack of
design or abstract formatting. Twenty-seven papers were

2 X non-consecutive enrolment

retrieved and after application of inclusion/exclusion cri-
teria only eight papers were found eligible (Fig. 1). All
included studies were evaluated against all 14 QUADAS
(Table 1) criteria and their detailed characteristics are also
tabulated (Table 2).

Discussion

Contrast-enhanced ultrasound introduced for the first time
in 1997 is a technique aimed to reduce radiation dose and
obviate the need for nephrotoxic contrast reported in
EVAR surveillance cohort [10]. The ultrasound contrast
agents are characterised by inert gas micro-bubbles
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encapsulated within a lipid shell that under the acoustic
pressure wave of an ultrasound transducer can increase
signal strengths 100-1,000 times [11]. These micro-bub-
bles oscillate, resonate, or burst, giving continuous contrast
enhancement on grey-scale images for approximately
3—4 min. Intravenously administered, ultrasound contrast
agents are not nephrotoxic and have excellent safety pro-
files [12]. The reported, life-threatening anaphylactic
reaction is limited to only 0.001 % [13].

The only limitation of CEUS is that it can only perform
analysis on one defined area of the aneurysm with con-
tinuous imaging. If the site of endoleak is not known at the
time of scanning, a second bolus of microbubble-based
agent may be required to scan the aneurysm at a different

Table 1 QUADAS scores for studies included for review

level [14]. However, CEUS cannot accurately show sur-
veillance goals, such as stent position and/or kinking.

Endoleak, first described and classified by White et al.
[15], is the persistent peri-graft blood flow outside the stent
graft lumen but within the aneurysm sac. The aneurysm sac
is, therefore, no longer excluded, increasing the risk of
rupture. There is also a fifth type termed Endo tension [16]
defined as a state of elevated pressure within the aneurysm
sac. This essentially represents continuous sac expansion
but with no visible sac perfusion.

Type 1 and Type II endoleaks are uncommon,
imparting systemic or near systemic pressure within the
excluded sac. These are significantly related to high risk of
aneurysm rupture [17]. The general consensus is that type

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total
McWilliams et al. [24] Y Y Y Y (same day) Y Y Y Y Y Y Y Y Y Y 14/14
McWilliams et al. [22] Y Y Y Y (same day) Y Y Y Y Y Y Y Y Y Y 14/14
Henao et al. [27] Y Y Y Y (same day) Y Y Y Y Y Y Y Y Y Y 14/14
Giannoni et al. [25] Y Y Y Y (15 days) Y Y Y Y Y Y Y Y Y Y 14/14
Clevert et al. [34] Y Y Y Y (within 1 day) Y Y Y Y Y Y Y Y Y Y 14/14
Iezzi et al. [28] Y Y Y Y (same day) Y Y Y Y Y Y Y Y Y Y 14/14
Mauro et al. [25] Y Y Y Y (14 days) Y Y Y Y Y Y Y Y Y Y 14/14
Ten Bosch et al. [23] Y Y Y Y (30 days) Y Y Y Y Y Y Y Y Y Y 14/14
Fig. 2 Summary receiver Sensitivity SROC Curve
operator curve (SROC) 1 I ——— —
./‘ //_’/
/ ° // / Symmetric SROC
0.9 - AUC =0.8803
° e SE(AUC) = 0.0746
/ Q*=0.8107
08 / // e / SE(Q*) = 0.0754
- /!
0.7 ( / /
/ ;
0.6 a
0.5 / //
04 - / //
0.3 / y
02 ] / //
0.1 /
0
0 0.2 0.4 0.6 0.8 1
1-specificity

@ Springer



95

J Ultrasound (2015) 18:91-99

oseyd SUQUIALS juode
SNOUdA I0/puUe [BLISJIE ) ‘uonesuas jsenuod oydersouos
ur oes wWsAINoue ay) uTym wojewos Jo uorsnjur Sunnp SurSewr
jye130pud 2y) OpISINO 1S9 JBS WISAINQUE AU} UIYIM 000S JluouLey [¢2] 'Te 10
JUSWAIUBYUD ISENUOD) S 0L wur ¢ aseyd ordury, sreusis [enoads pue mofq -dss eyory anssI], [W ¢ snonunuo)  ANAOUOS juore], yosog u9J,
prusz
‘prengue p
poadsg Nl SurSewr “quore],
W31 O 901[8 oS WSAINOUE [enpIsal 10 000S STUOWLIEY] ‘1opnoxyg [s¢l
pajels JoN uw ¢ ww §'g 9 oiseydig  OJUI JUSWIAOUBYUD JSBIUOD) 1aH sdiyg anssi], w4 snjog  onAouog ‘epuOdBUY  ‘[& JO OINBJN
xynouy
‘prenSue A
SUQWAIS ‘SNq SurSeuwr uaz
wolewos 1Je13 oY) puokaq 000S JluouLey w47 ‘1opn[oxyg [82]
PaleIs 10N S09 wWwW G701 oseyd orduy,  juesaid [eudis xopdnp mojoo IaH sdimyg onssI], pue 7’1 snjog  onAouos quare], Te 19 12z9]
SUWAIS
‘uonesuas
sisayisoxd ay) pue wojewos sisayisoxd ay) pue [fem eronbos Surdewr
[[eM WSAINQUE dY) UIM)Iq orjewoIng wu ¢ 10399)9p $9 wsAInoue oY) ueamlaq NOSNDV osuouey [+€]
JSBIUOD JO UOIBSBABNIXH BUIEIN ‘wwr ¢ Jo 91 drseydrg JSBIUOD JO UOIBSBABNXH SUSWIAIS anssiy, W 10’1 snjog  onAouog PAJEIS JON  TB 19 MAAQ[D
¥9 oelpIes
uoIesuds
wojewos Juare)
SUQWIAIS eronbas SurSeuwr ‘prenuea
orseydin NOSNDV osuouey ‘0103 IS4 AL
pAleIS ION  PALIS JON  PAEIS JON pakereg ATuo yeajopue I 2d£1 104 SUQWIS onssI,  pajels JON snjog  onAouos -IopnjoxXyg TuouueID)
g0 enjn SurSewr
paadsiy3ry oruowIey [L2]
PaeIsS 10N S OL wuw G| orseydig paeis IoN ¢zl sdiyd onssi], [w ¢ snonupuo)  uosndQ paleIs JON ‘e 39 OBUSH
Ommsm UO%N—O@ JO JeLdlre DI O]V ,OOWW
Ay} 1Y) Uo IJeIS-JUAS ‘a3ejueApe 1JeI8-)uls punosoid Io
Ay} 9pISINO JBS WISAINduE paadSIH Ay} 9pISINO JBS WISAINJUE 00L1-ASS 101ddop [z2] e 1o
9y} Ul Jsenuod Jo ysnig S 09 ww ¢ arseydrg AU} UIIIM MOY INO[0D) MOTA-BUA 10M0d [w QO] Snonupuo))  ISIAOAY] patels JON  SWRI[[IAOIA
g0I
‘a3ejueApe
1Je13 Judls poadgIH ‘Afuo 1Je13 JUQ)S AY) IPISINO JBS 191ddop xynouy
Q) OpISINO JOBS WISAINAUE oseyd [errone wsAInoue oy} UTYIIM MO[J enoads Inojod 10JU9)§ [¥2l e 10
) UM ysniq ISenuo) V/N  Paels 10N ‘1D 1ends  1opddop Inojod jo oouopiag soruoseI] plepuels Jw/SWw )0¢  PAILIS JON  ISTAOAT ‘prenSuep  SWEIIMON
V1D Aq Jesropua SNAD £q Yesopud 1SeIUod 1SeNUOd juode
Jo 9ouasaxd oy 10] aun SSaUOI1Y) Jouueds 1D Jo Qouasaxd oy 10J Jouueds AIeM1JOoS SN Jo SN Jo Isenuod jjeiSopud
uoLILID ANANISod  AB[Op 1D ERR o) Jo adA], UOLIILID AJIAISOd S Jo odAJ, SN Amuengd) POYIOIN SN Jo adA], Apms

sIsA[eue-gjowl ur papnyoul S[ELI) [ENPIAIPUI JO SONSLIA)ORIRYD) T d[qeL

pringer

A



96 J Ultrasound (2015) 18:91-99

I and III endoleaks should be treated as soon as possible.
Conversely, urgent treatment is not indicated with type II
endoleaks, but there is frequent association with continued
aneurysm enlargement [18]. There is continued debate
about the significance and treatment of type II endoleaks,
but there are no clinical guidelines on how to manage such
leaks [19, 20]. Type IV endoleaks are now rare since the
availability of new and improved endovascular stent
grafts.

An analysis of AAA ruptures after EVAR by Schlosser
et al. [21] demonstrated that most ruptures occur within the
first 3 years with a mortality rate of 60 %. The majority of
these ruptures were preceded by endoleaks but in only
35 % of patients, the endoleaks were detected during fol-
low-up. Only three of the studies examined subjects to this
timeframe (3 years). Two papers showed the most discor-
dance between CTA and CEUS. In the McWilliams study
[22], all discordant endoleaks were type II endoleaks.
Similarly, out of the 40 endoleaks that showed discrepancy
in Ten Bosch’s study [23], 38 were characterised as type II.
This shows that the majority of additional endoleaks
detected or missed by CEUS were type II endoleaks, the
importance of which is still debated. As discussed earlier,
type II endoleaks are classified as low-pressure leaks and in
most cases, intervention is not indicated unless significant
increase in sac diameter is demonstrable. In areas where
CEUS did not reveal an endoleak, no aneurysm growth was
observed which also raises the question of when, or, if
intervention is necessary.

It is important that detected endoleaks are correctly
classified. This important factor coupled with measured sac
dimensions primarily determines patient management. The
performance of CTA and CEUS in classification of en-
doleaks is not within the remit of this review. Although, the
current data suggest that CEUS can be safely and accu-
rately used as a surveillance tool in detection of high-
pressure endoleaks (type I and type III), which ordinarily
expedite immediate clinical intervention.

A meta-analysis deemed feasible given the methodo-
logical homogeneity of the studies (Table 3). However, the
pooled sensitivity (Fig. 3) showed some degree of hetero-
geneity. Each study utilised either first generation (Levo-
vist) or 2nd generation (SonoVue & Optison) US contrast
agents. But the first generation agent is known to be
associated with a blooming artefact during initial stages of
enhancement [24, 25], which can give rise to false-positive
outcomes. Six studies that used 2nd generation contrast
agent showed excellent sensitivity. In addition, two studies
that deployed both generation contrast agents also dem-
onstrated 100 % sensitivity in detection of endoleaks type
II. Therefore, omitting studies that utilise 1st generation
contrast in sub—group analysis shows CEUS to be as
accurate as CTA in detecting endoleaks.

Specificity %
65 (39,85)

74
79
95
93
82
91
55

Sensitivity %
100 (31,100)

50
100
100
100

98

98

81

11
57
11
21
26
36
128
55

CEUS—-CT+ CEUS—-CT-

45

CEUS + CT+ CEUS + CT—-

3
11
6
7
15
39
78
22

Range of follow-up times

1 week-2 years

1 month-36 months

1 month-36 months
Protocol only

No protocol/follow-up given
1 month-24 months
Protocol only

1 month—77 months

Scan pairs
20
96
20
29
43
84
220
127
639

No. of patients
20
53
20
9
43
84
122
83
454

Table 3 Studies included in comparison of CEUS to CTA, with contingency tables of diagnostic accuracy

Ten Bosch et al. [23]

McWilliams et al. [22]
Total

McWilliams et al. [24]
Henao et al. [27]
Giannoni et al. [25]
Clevert et al. [34]
lezzi et al. [28]

Mauro et al. [35]

Study
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Sensitivity (35% Cl) Specificity (35% Cl)

McWiliams et al 1999 1.0 (0.29-1.00) o McWiliams et al 1999 0.65 (0.38-0.86)

— McWiliams et al 2002 0.55 (0.32-0.77) — McWiliams et al 2002 0.75 (064 -0.84)

Henao et al 2006 1.00 (0.54-1.00) o Henao et al 2006 0.79 (0.49-0.95)

Glannonietal 2007 1.0 (0.59-1.00) o Gamoneta20 095 (0.77-1.00)

9 Clevert ot al 2008 100 (0.78-1.00) 0| Clevert et al 2008 0.93 (0.76-0.99)

1 lezzi et al 2009 0.98 (0.87-1.00) lezzi et al 2009 082 (067-092)

Mauro et al 2010 098 (0.91-1.00) @ | Mauro et al 2010 091 (0.86-0.95)

——& — | TenBoschetal 081 (0.62-0.94) —0— Ten Bosch et al 0.55 (045-0.65)

* Pooled Sensitivity = 0.91 (0.87 to 0.95)
Chi-square = 34.51; df = 7 (p = 0.0000)
1 Inconsistency (I-square) =79.7 %

0 02 04 06 08
Sensitivity

Fig. 3 Summary of sensitivity

Heterogeneity was noted in the pooled specificity of the
results. The specificity values (Fig.4) for each study
deemed poor to excellent (55-95 %), with lower than
expected values due to the high number of false positives.
The authors of each study, however, question whether the
false positives were in fact true endoleaks with CT
making incorrect diagnoses. This difference in specificity
can be attributed to improved CT protocol or by the use
of Tissue Harmonic Imaging (THI). THI is a ultrasound
contrast-specific software that reduces the blooming arte-
fact effect of the contrast [25, 26] and is a common
feature among the more recent studies. In addition, the
method of contrast injection in CEUS (Bolus Vs Contin-
uous) has also shown to alter the specificity. The con-
tinuous method allows longer examination time, which in
turn permits detection of the slowest of endoleaks (con-
tinuous 81 Vs bolus 55 %) [27, 28]. Moreover, the lower
than expected specificity of CEUS can also be attributed
to the longer examination time available in CTA image
analysis than CEUS. But the dynamic nature of CEUS
permits detection of those slow endoleaks that the static
nature of CTA might miss.

For dual or triple-phase CTA, the delay time for image
acquisition varied significantly between studies (60 s—
3 min). In the study by Napoli’s et al. [29], contrast
enhancement was depicted in CEUS images 150 s after
contrast injection. In CTA, the image acquisition in the
venous phase was up to 80-s post-contrast injection,
which resulted in inadequate and missing of the endoleaks
(delay arterial phase). This was echoed in the study by
Iezzi et al. where four false positive results were found
150 s after US contrast injection. These slow leaks can
only be seen with adequate delay times in CTA protocols.
It is likely that these leaks were in fact true leaks missed
by CTA.

+ Pooled Specificity = 0.78 (0.74 t0 0.82)
Chi-square = 56.24; df = 7 (p = 0.0000)
1 Inconsistency (I-square) = 87.6 %

0 02 04 06 08
Specificity

Fig. 4 Summary of specificity

Currently, there is no general consensus on the CTA
protocol as shown by the various CT protocols advocated
in the included studies. The study by lezzi et al. [30]
showed that the combination of arterial phase and unen-
hanced imaging performed at 1-month follow-up offers
improved specificity and positive predictive values com-
pared with arterial phase alone. The delayed phase, how-
ever, did not significantly (P > 0.5) increase sensitivity for
detection of the endoleaks, but does depict low-flow en-
doleaks not seen at the arterial phase. Macari et al. [31]
even question the necessity of the arterial phase as in 110
tri-phasic post-EVAR scans (in 85 patients), in no more
than 3.1 % of all examinations; there was 95 % confidence
that arterial phase imaging would depict an endoleak
missed at venous phase imaging.

The discordance between the 2 modalities (CEUS Vs
CTA) could also be explained by the differences in contrast
resolution. Minutes after contrast injection in CTA (the
venous phase), the contrast density, within the aorta and an
endoleak, is relatively low compared with the arterial
phase. With CEUS, however, contrast resolution remains
high even when the agent becomes diluted through time.
With extended examination time and a consistent contrast
resolution, CEUS is able to detect the slower leaks that
CTA can easily miss. Discordance is stated to be highly
influenced by differences in contrast resolution and course
of its appearance [32].

One important source of heterogeneity is varying oper-
ator experience. Only lezzi et al. explicitly gave the
experience of their operators rather than stating ‘experi-
enced’. The systematic review by whiting et al. showed
that only 8 out of 55 publications that focused on bias or
variation in diagnostic accuracy considered observer vari-
ation. In seven of the included studies, this source of het-
erogeneity affected estimates of accuracy.
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Binary test outcomes are defined on the basis of a
threshold for test positivity and change if the threshold is
altered [33]. For endoleaks, test positivity threshold is
subjective and not met by simply satisfying a set number.
Variation in this threshold is, therefore, likely as there is no
explicit numerical cut-off point, and a definition of a test
positive outcome (presence of endoleak) is based on
judgment rather than measurement. Operator and equip-
ment variability also introduces heterogeneity in observed
test results. The summarised sensitivity and specificity are,
therefore, a reflection of the average observed accuracy and
heterogeneity in positivity threshold. Consequently, results
are obtained from the inherent operator dependency of the
ultrasound. This inherent operator dependency is not con-
sidered a weakness in CTA imaging [34, 35].

Conclusion

The result of this systematic review and meta-analysis
suggests that CEUS can be as sensitive as CTA in detecting
the type of endoleaks that would normally warrant an
immediate intervention (type I and III) and slow endoleaks
(type II) that CTA might miss. However, the outcome does
not provide sufficient evidence for the replacement of CTA
with CEUS in surveillance programme. Furthermore, if
CEUS is to replace CTA due to patient co-morbidities, it
must be utilised in addition to other modalities or within an
imaging algorithm.
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