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Abstract

Background: There is little information available on follow-up of abdominal aortic aneurysm patients treated with
endovascular repair using vascular ultrasonography in Brazil or on how it compares with the results of angiotomography.
Since ultrasonography is an examination that is risk-free, inexpensive and widely available, it is a very attractive method.
In this study we attempted to evaluate the sensitivity and specificity of vascular ultrasonography for follow-up of these
patients by comparing the method with angiotomography. Materials and methods: \We conducted a prospective
study from June 2012 to May 2013. We examined patients followed-up at the endovascular surgery clinic run by the
University Hospital of Londrina after endovascular repair of abdominal aortic aneurysms. All patients underwent
angiotomography for follow-up and were also examined using simple abdominal X-rays and vascular ultrasonography.
Results: A total of 30 patients were analyzed, with a mean age of 73 years and a mean aneurysm diameter of 6 cm.
Four endoleaks were detected. Vascular ultrasonography achieved sensitivity of 75% and specificity of 96% for
classification of these endoleaks, in comparison with angiotomography. Conclusions: Vascular ultrasonography is an
excellent primary method for evaluation and post-surgical follow-up of patients treated with endovascular repair of
abdominal aorta aneurysms. However, when ultrasonography detects problems or is difficult to accomplish, it should
be supplemented with a more specific investigation for diagnostic confirmation.
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Resumo

Contexto: As informagdes sobre o seguimento de pacientes submetidos a corregédo endovascular de aneurisma de aorta
abdominal com ultrassonografia vascular no Brasil sio escassas, bem como sua comparagéo com os resultados obtidos
com a angiotomografia. Na medida em que a ultrassonografia ¢ um exame sem riscos, de baixo custo e de grande
disponibilidade, esta se torna um método bastante atraente. Na presente pesquisa, procuramos avaliar a sensibilidade e
aespecificidade da ultrassonografia vascular (USV) no acompanhamento desses pacientes, comparando este método
com a angiotomografia. Materiais e métodos: Realizamos estudo prospectivo durante o periodo de junho de 2012
a maio de 2013. Para tanto, examinamos pacientes acompanhados pelo Ambulatério de Cirurgia Endovascular do
Hospital Universitario de Londrina pos-corregao endovascular de aneurisma de aorta abdominal. Todos os pacientes
haviam sido submetidos a angiotomografia para acompanhamento e foram também avaliados através da radiografia
abdominal (raio x simples) e da ultrassonografia vascular. Resultados: Foram analisados 30 pacientes, com média de
idade de 73 anos, com didmetro médio do aneurisma de 6 cm, detectando-se quatro vazamentos endovasculares.
Na avaliagdo desses vazamentos endovasculares, a ultrassonografia vascular obteve uma sensibilidade de 75% e uma
especificidade de 96%, em relagao a angiotomografia. Conclusao: A ultrassonografia vascular € um excelente método
primario na avaliagdo e no acompanhamento pos-cirdrgico de pacientes submetidos a correcdo endovascular do
aneurisma da aorta abdominal (AAA). No entanto, em caso de alteragao ultrassonografica ou dificuldade na realizagéo
do exame, uma investigagio mais especifica deve ser realizada para confirmagéo diagnostica.
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INTRODUCTION

Endovascular aneurysm repair, introduced by
Parodi'? in 1991, is an option that is widely used
for open surgical repair in patients with aneurysms
of the abdominal aorta (AAA). The technique was
developed in order o avoid expansion and rupture
of the aneurysm, by placement of an endoprosthesis
within the aneurysm sac, forming a channel for blood
to flow through.!? Compared with conventional
surgery, endovascular repair offers low rates of
perioperative mortality and morbidity, but requires
rigorous surveillance for the rest of the patient’s
life because of a relevant incidence of long-term
complications, such as endovascular leakage
(endoleaks), aneurysm growth, structural failures,
graft migration, thrombosis, occlusion of branches
and infections.!**

According to Geller SC,° follow-up with imaging
studies after endovascular repair should assess
three major parameters: (1) aneurysmal diameter;
(2) detection and classification of endoleaks,
and (3) detection of morphological changes to
endoprostheses. Graft occlusion, infection and
other potential complications should be assessed.*
Angiotomography has become considered the
gold-standard imaging technique for investigating
all of these complications,' but some studies over
recent years have demonstrated an increased risk
of radiation-induced cancer and nephropathy
caused by the contrast after repeated exposures to
tomography.”*

In response to these findings, many researchers
have proposed substituting tomography for follow-
up of these patients with other imaging methods,
including vascular ultrasonography (USV), with or
without contrast. This is relatively inexpensive and
is an attractive option for postoperative surveillance,
since it is also a noninvasive diagnostic method
that is generally available.”!" Several different
studies have therefore been conducted to compare
the precision of vascular ultrasonography with
that of angiotomography for classification of
endoleaks.'>!* The objective of this study was to
determine the correlation, sensitivity and specificity
of the ultrasonography method, with relation to
angiotomography, for measurement of aneurysm
diameter, identification of tortuosity and for detection
and classification of endoleaks.

MATERIALS AND METHODS

Study design

The study was conducted from June 2012 to
May 2013, while under consideration by the Ethics
Committee, which gave its approval. All patients
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treated with endovascular repair of abdominal aortic
aneurysms (AAA) and seen at the Endovascular
Surgery Clinic of the University Hospital in Londrina
were enrolled. The postoperative follow-up protocol
included angiotomography, ultrasonography and
abdominal X-ray after 1, 6 and 12 months, during
the first year, and annually thereafter. Patients who
did not comply with the follow-up protocol or whose
USV and angiotomography were not conducted
within 30 days of each other were excluded.

X-ray protocol

Simple abdominal X-rays, anteroposterior
projection, were taken of all patients in follow-
up after endovascular repair of abdominal aortic
aneurysms. The X-rays were taken to check for
morphological changes to the endoprostheses, such
as fractures, tortuosity or displacement of segments.

Ultrasonography protocol

Vascular ultrasonography scans were conducted
in mode B, with color, spectral analysis and power
mode, of the whole abdominal aorta and the iliac
arteries, using an ESAOTE 3-5MHz convex
abdominal transducer, for all patients in follow-
up after endovascular repair of abdominal aortic
aneurysms. Ultrasound scans were conducted
after 8 hours’ fasting, with appropriate intestinal
preparation and 40 drops of dimethicone every
8 hours, starting on the day before the examination.
All examinations were conducted by the same
Vascular Surgeon, qualified in Vascular Echography.
These examinations were conducted in order to
evaluate the diameter of aneurysms and patency
of endoprostheses, and to identify and classify
any endoleaks. These were assessed by aneurysm
measurements in anteroposterior and lateral
projections, and by detection of blood flow outside
of the endoprosthesis using Doppler.

Tomography protocol

Angiotomography was conducted on patients
in follow-up according to our routine protocol, as
follows: full abdominal angiotomography in three
steps, first without contrast; then with 100-120 mL
of contrast, and once more (late) 180 seconds
after injection of the contrast, using a 16-channel
tomography machine and 1.25 mm abdominal and
pelvic slices. These scans were also used to detect
and classify any endoleaks present, identified
by contrast seen outside of endoprostheses, to
evaluate anteroposterior and lateral aneurysm
diameter measurements, and to check for patency
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and structural changes to endoprostheses visible on
three-dimensional reconstructions. In order to avoid
interference from the ultrasonographic examination, a
different examiner, also qualified, was responsible for
this procedure and only conducted angiotomography
for this study. Patients with a history of allergy and/
or renal failure were duly prepared with antiallergic
drugs and corticosteroids and given adequate
hydration before and after examinations.

Statistics

Comparisons of mean size of aneurysm on
USV and angiotomography were accomplished by
calculating coefficients of variation. The coefficient
of variation was determined by dividing the
standard deviation of the difference between the two
measurements by the mean of means of the study
population. Pearson’s correlation coefficient was
used to determine the degree of agreement between
USV and angiotomography.

RESULTS

Between June 2012 and May 2013, a total of
62 patients were examined using the follow-up
protocol for endovascular AAA repair. Three of
these patients had been treated for endovascular
AAArepairin2010, 11in 2011, 13 in 2012 and three
in 2013. The remaining 32 patients were excluded
because they had not complied with the follow-up
protocol and did not have their ultrasonography and
angiotomography scans close enough in time.

The sample comprised 25 men (84%) and five
women (16%), with a mean age of 73 years (56-84).
Hypertension, smoking and diabetes were the most
common comorbidities. On angiotomography,
the diameter of abdominal aneurysms found after
endovascular repair ranged from 3.0 to 10.5 cm,
with a mean of 5.8 cm. Aneurysms of iliac arteries
were also identified by angiotomography in nine
patients, 30% of cases, five of which (17% of the
total) were bilateral.

Analysis of the abdominal X-rays found
tortuosity of the endoprosthesis structure in just
one patient, without any significant hemodynamic
alterations when viewed on vascular ultrasonography
(Figure 1). No X-rays showed structural fractures or
disconnections.

With relation to USV findings, four endoleaks were
identified in the 30 patients examined, two type IA and
two type II. When compared with angiotomography,
which also found four endoleaks, three USV-detected
leaks were confirmed. In just one angiotomography a
leak was identified that had not been diagnosed using
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ultrasonography. Therefore, the statistical analysis
resulted in sensitivity and specificity for endoleaks
of 75% and 96% respectively, and positive predictive
and negative predictive values of 75% and 96%.
However, we did not observe the same relationship
for classification of endoleaks, since the classification
only coincided in one case; the other three cases were
two misclassifications and one false positive.

Only one of the USV examinations detected
abnormalities on the spectral analysis. In this case,
angiotomography confirmed the ultrasonographic
diagnosis of occlusion of the external branch of a
sandwich graft in the iliac arteries (Figure 2). This
represents sensitivity and specificity of 100%, despite
the small sample.

We observed a variation of three millimeters
between aneurysmal diameters measured on
ultrasonography and the equivalent angiotomography
measurements, with a strong positive linear
correlation (Table 1).

DISCUSSION

Serial X-rays are useful in follow-up of
endovascular AAA treatment for assessment of
structural changes, especially when interest lies in
detection of fractures and kinking of abdominal
endoprostheses.!® These X-rays are simple and
inexpensive to obtain and are widely available.
Additionally, their sensitivity for detection of graft
migration is similar to that offered by computed
tomography,'® although an understanding of

Figure 1. Standard abdominal X-ray showing tortuosity of an
endoprosthesis branch.



endoprosthesis construction and the placement of
radiopaque markers is indispensable for correct
assessment and interpretation of these X-rays.'®!
However, X-rays are subject to two important
limitations: they cannot be used to measure aneurysm
diameter nor to detect endoleaks.

On the other hand, USV can be used both for
monitoring of aneurysm diameters for screening
for endoleaks after endovascular AAA repair.>*
Additionally, USV is convenient, noninvasive,
inexpensive and portable, does not involve radiation
exposure and does not need contrast. However,
there is a relatively higher rate of interobserver
and intraobserver variability with ultrasonography
than with angiotomography,'® but this variability
is no larger than 4 mm, on average.'’ Additionally,
ultrasonography is also able to provide a better
approximation to the true perpendicular diameter
of an abdominal aortic aneurysm, since it is not
affected by the angle of the aorta, which impacts
on tomography results at angles greater than 25°.%

Endoleaks can be detected by ultrasound using
color spectral analysis to show blood flow. While
published specificity rates for detection of endoleaks
with Doppler ultrasonography are high (89%-97%),*'
the sensitivity and diagnostic power of Doppler
US for detecting endoleaks is still debatable,
when compared with angiotomography.!!:22-3°
Some studies,''?>> such as one conducted by
Collins et al.," have reported 85% positive predictive
values, whereas others?**° found ultrasonography to
be less sensitive than tomography, as was the case of
Ashoke et al.,** who observed sensitivity of 70% in
their study. In our study, four patients had endoleaks
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that were identified using angiotomography. Three
of these were clinically significant type IA leaks
and all three were also identified by USV, while
the single case of type Il endoleak, which was not
expanding, was not detected by USV (Table 2). It
can therefore be concluded that although USV does
not offer a relatively high degree of sensitivity, as
has been reported in other studies, it does offer
adequate sensitivity for identifying endoleaks and
indicating their treatment, without impacting on the
quality of care.

Another advantage of USV is its ability to detect
the direction of endoleak flow, which cannot easily be
investigated using angiotomography. Parent et al.’!
related the Doppler waveform to analysis of type II
endoleaks as follows: a ‘anterograde and retrograde’
pattern was associated with spontaneous resolution,
whereas the presence of a monophasic or biphasic
waveform was associated with persistent leakage.
However, we did not observed this in our study,
since two of the three endoleaks correctly identified
by ultrasonography, both type IA, were erroneously
classified as type II and one was repaired using a

Table 1. Correlation between analyses of aneurysm diameter:
USV vs. angiotomography.

Analysis Result (cm)
Mean diameter on ultrasonography 579
Mean diameter on tomography 5.86
Mean variance 0.35
Standard deviation 0.32
Pearson’s correlation coefficient 0.91

cm: centimeters.

F 2.5 MHZ G 52%
PRF 2.4kHz

PRC 4-1

PST 2 WF L PST 2

50 Hz

Figure 2. (a) Vascular ultrasonography with monophasic flow in right external iliac. (b) Angiotomography with occlusion right

external iliac branch.
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proximal extension and the other was repaired by
embolization (Figure 3). The principal cause of this
difference was probably an error of interpretation by
the USV examiner.

It is important to point out that for assessment of
stenosis or occlusion of the aortoiliac segment, it is
arteriography and not angiotomography that is the
gold-standard diagnostic method.??> Additionally,
Beeman et al.** believe that USV is also more precise
than angiotomography for identifying patency and
for detecting other problems such as tortuosity and
stenoses, since the color flow images combined
with analysis of the waveform provide anatomic
and hemodynamic data that cannot be acquired
using angiotomography. In their study,** USV
precisely identified all seven cases in which there
were problems with graft permeability requiring
treatment, which was also the case in our study,
since we correctly identified the only case of branch
occlusion using USV.

Other limitations of duplex ultrasonography
include its operator dependency, inter-patient physical
variations and the need for intestinal preparation.*
However, improvements in ultrasonography
technology and techniques can improve and increase
its diagnostic power. Contrast mediums, for example,
have been developed that can overcome some of the
limitations of ultrasonography.** Ultrasonography
contrasts are noninvasive, easy to handle,

well-tolerated and, apparently, increase the sensitivity
of ultrasonography. Use of ultrasonography contrasts
significantly improves sensitivity for detection of
endoleaks,*>’ particularly in cases of endotension,
which is obscured in angiotomography, but can be
seen with the aid of contrast.?67

Additionally, using simple X-rays combined
with USV as the primary imaging method for
patient follow-up after endovascular repair of
abdominal aortic aneurysms could also reduce the
radiological risks associated with angiotomography.*
The endovascular procedure and serial lifelong
angiotomography involve a substantial ionizing
radiation load, in addition to the fact that
angiotomography requires administration of iodine-
based contrast agents that are associated with
nephrotoxic effects.’* Nevertheless, it is known
that ultrasonography can also suffer from a series
of limitations. In obese patients with inadequate
intestinal preparation, the abdominal examination
can be limited by an inappropriate acoustic window.*
However, the limited sample of 30 cases and the
short observation period notwithstanding, this study
observed low variability in aneurysm sac dimensions
with a strong correlation coefficient, and also a low
number of false negative results, just one in fact,
which had no clinical significance since the aneurysm
did not exhibit significant growth.

Table 2. Correlations for patients with endoleaks: USV x angiotomography.

Patient Dmt aneurysm USV  Type of endoleak Dmt aneurysm CT Type of endoleak
Patient 1 5.8 1A 6 No leak False positive
Patient 2 6.6 l 6.9 1A
Patient 3 10.3 No leak 10.9 Il False negative
Patient 4 7.9 Il 7.3 IA
Patient 5 10 1A 9.8 1A

Dmt: diameter; USV: vascular ultrasonography; TC: computed tomography.

SV 1- g4mm © +55°
RTER .MI CA431 I

ENDOLEAK.

Figure 3. (a) Transverse and longitudinal vascular ultrasonography (b) showing type Il endoleak. (c) Angiotomography showing

type IA endoleak.
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CONCLUSIONS

It is therefore understood that vascular
ultrasonography combined with abdominal
X-ray could be used as a possible substitute for
angiotomography as the primary method for follow-
up of patients with aneurysms of the abdominal
aorta operated using endovascular techniques.
Abdominal X-ray proved to be an excellent
supplementary examination for assessing the
structure of endoprostheses. Ultrasonography had a
high correlation coefficient and low variability when
compared with angiotomography for measurement
of aneurysm diameter. With regard to endoleaks,
vascular ultrasonography identified all clinically
significant leaks.

REFERENCES

1. Greenhalgh RM, Powell JT. Endovascular repair of abdominal
aorticaneurysm. N Engl ] Med. 2008;388:494-501. PMid:18234753.
http://dx.doi.org/10.1056/NEJMct0707524

2. Stavropoulos SW, Charagundla SR. Imaging techniques for
detection and management of endoleaks after endovascular aortic
aneurysm repair. Radiology. 2007;243:641-55. PMid:17517926.
http://dx.doi.org/10.1148/radiol.2433051649

3. Chaer RA, Gushchin P, Rhee R, et al. Duplex ultrasound as
the sole long-term surveillance method postendovascular
aneurysm repair: a safe alternative for stable aneurysm. Vasc
Surg. 2009;49:845-50. PMic:19341877. http://dx.doi.org/10.1016/j.
jv5.2008.10.073

4. Kranokpirakasa P, Kaufman JA. Follow-up of endovascular
aneurysm repair: plain radiography, ultrasound, CT/CT
angiography, MR imaging/MR angiography, or what? J Vasc
Interv Radiol. 2008;19:527-36. PMid:18502384. http://dx.doi.
0rg/10.1016/},jvir.2008.03.009

5. EVAR trial participants. Endovascular aneurysm repair versus
open repair in patients with abdominal aortic aneurysm (EVAR
trial 1): randomised controlled trial. Lancet. 2005;365:2179-86.
http://dx.doi.org/10.1016/50140-6736(05)66627-5

6. Geller SC.Imaging guidelines forabdominal aortic aneurysm repair
with endovascular stent grafts.) Vasc Interv Radiol. 2003;14:5263-
4. PMid:14514830.

7. Brenner DJ, Hall EJ. Computed tomography an increasing
source of radiation exposure. N Engl ] Med. 2007;357:2277-84.
PMid:18046031. http://dx.doi.org/10.1056/NEJMra072149

8. Einstein AJ, Henzlova M), Rajagopalan S. Estimating risk of cancer
associated with radiation exposure from 64-slice computed
tomography coronary angiography. JAMA. 2007;298:317-23.
PMid:17635892. http://dx.doi.org/10.1001/jama.298.3.317

9. Conrad MF, Adams AB, Guest JM, et al. Secondary intervention
after endovascular abdominal aortic aneurysm repair. Ann
Surg. 2009;250:383-9. PMid:19652592.

10. Bendick PJ, Bove PG, Long GW, Zelenock GB, Brown OW, Shanley
CJ. Efficacy of ultrasound scan contrast agents in the noninvasive
follow-up of aortic stent grafts. ) Vasc Surg. 2003;37:381-5.
PMid:12563210. http://dx.doi.org/10.1067/mva.2003.17

-
j—y

. Collins JT, Boros MJ, Combs K. Ultrasound surveillance of
endovascular aneurysm repair: a safe modality versus computed

20.

21.

22.

23.

24.

Domingos Moraes Filho, Fernando Barbosa Trevisan et al.

tomography. Ann Vasc Surg. 2007;21:671-5. PMid:17980791.
http://dx.doi.org/10.1016/j.avsg.2007.07.009

. Cantisani V, Ricci P, Grazhdani H, et al. Prospective comparative

analysis of colour-Doppler ultrasound, contrast-enhanced
ultrasound, computed tomography and magnetic resonance in
detectingendoleak after endovascular abdominal aortic aneurysm
repair. Eur ] Endovasc Surg. 2011;41:186-92. PMid:21095141.
http://dx.doi.org/10.1016/j.€jvs.2010.10.003

. Carrafiello G, Lagana D, Recaldini C, et al. Comparison of

contrast-enhanced ultrasound and computed tomography
in classifying endoleaks after endovascular treatment of
abdominal aorta aneurysms: preliminary experience. Cardiovasc
Intervent Radiol. 2006;29:969-74. PMid:16897267. http://dx.doi.
org/10.1007/s00270-005-0267-x

. Ten Bosch JA, Rouwet EV, Peters CTH, et al. Contrast-enhanced

ultrasound versus computed tomographic angiography for
surveillance of endovascular abdominal aortic aneurysm repair.
Vasc Interv Radiol. 2010;21:638-43. PMid:20363153. http://dx.doi.
0rg/10.1016/},jvir.2010.01.032

. Fearn S, Lawrence-Brown MM, Sem- mens JB, Hartley D. Follow-up

after endovascular aortic aneurysm repair: the plain radiograph
has an essential role in surveillance. ) Endovasc Ther. 2003;10:894-
901. http://dx.doi.org/10.1583/1545-1550(2003)010<0894:FAEA
AR>2.0.CO;2

. Hodgson R, McWilliams RG, Simpson A, et al. Migration

versus apparent migration: Importance of error due to
positioning variation in plain radiographic follow-up of aortic
stentgrafts. ] Endovasc Ther. 2003;10:902-10. http://dx.doi.
org/10.1583/1545-1550(2003)010<0902:MVAMIO>2.0.CO;2

. Murphy M, Hodgson R, Harris PL, McWilliams RG, Hartley

DE. Lawrence-Brown MM. Plain radiographic surveillance
of abdominal aortic stent-grafts: the Liverpool/ Perth
protocol. ) Endovasc Ther. 2003;10:911-2. http://dx.doi.
org/10.1583/1545-1550(2003)010<0911:PRSOAA >2.0.CO;2

. Ederle FA, Wilson SE, Johnson GR, et al. Variability in measurement

of abdominal aortic aneurysms. J Vasc Surg. 1995;21:945-52.
http://dx.doi.org/10.1016/S0741-5214(95)70222-9

. Singh K, Benaa KH, Solberg S, Serlie DG, Bjerk L. Intra- and

interobserver variability in ultrasound measurements of
abdominal aortic diameter. The Tromse Study. Eur ] Vasc
Endovasc Surg. 1998;15:497-504. http://dx.doi.org/10.1016/
$1078-5884(98)80109-3

Sprouse LR, Meier GH, Parent FN, DeMasi R, Glickman MH,
Barber GA. Is ultrasound more accurate than axial computed
tomography for determination of maximal abdominal aortic
aneurysm diameter? Eur ) Vasc Endovasc Surg. 2004;28:28-35.
PMid:15177228. http://dx.doi.org/10.1016/}.ejvs.2004.03.022

Sun Z. Diagnostic value of color du- plex ultrasonography in the
follow-up of endovascular repair of abdominal aortic aneurysm. )
Vasc Interv Radiol. 2006;17:759-64. PMid:16687740. http://dx.doi.
org/10.1097/01.RVI.0000217944.36738.02

Fletcher J, Saker K, Batiste P, Dyer S. Color Doppler diagnosis of
perigraft flow following endovascular repair of abdominal aortic
aneurysm. Int Angiol. 2000;19:326-30. PMid:11305731.

D’Audiffret A, Desgranges P, Kobeiter H, Becquemin JP. Follow-up
evaluation of endoluminally treated abdominal aortic aneurysms
with duplex ultrasonography: validation with computed
tomography. ) Vasc Surg. 2001;33:42-50. PMid:11137922. http://
dx.doi.org/10.1067/mva.2001.112215

McLafferty RB, McCrary BS, Mattos MA, et al. The use of
color-flow duplex scan for the detection of endoleaks. ] Vasc

J Vasc Bras. 2014 July-Sept; 13(3):168-174 173



Vascular ultrasonography for aorta aneurysms

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

174

Surg. 2002;36:100-4. PMid:12096265. http://dx.doi.org/10.1067/
mva.2002.123089

Bendick P), Bove PG, Long GW, Zelenock GB, Brown OW, Shanley
CJ. Efficacy of ultrasound scan contrast agents in the non-invasive
follow-up of aortic stent grafts. ) Vasc Surg. 2003;37:381-5.
PMid:12563210. http://dx.doi.org/10.1067/mva.2003.17

Raman KG, Missig-Carroll N, Rich- ardson T, Muluk SC, Makaroun
MS. Color-flow duplex ultrasound scan versus computed
tomographic scan in the surveillance of endovascular aneurysm
repair. J Vasc Surg. 2003;38: 645-51. http://dx.doi.org/10.1016/
S0741-5214(03)00909-1

Elkouri S, Panneton JM, Andrews )C, et al. Computed tomography
and ultrasound in follow-up of patients after endovascular repair
of abdominal aortic aneurysm. Ann Vasc Surg. 2004;18:271-9.
PMid:15354627. http://dx.doi.org/10.1007/s10016-004-0034-5

AbuRahma AF, Welch CA, Mullins BB, Dyer B. Computed
tomography versus color duplex ultrasound for surveillance of
abdominal aortic stent-grafts. ) Endovasc Ther. 2005;12:568-73.
PMid:16212456. http://dx.doi.org/10.1583/05-1575MR.1

Standford RM, Bown M|, Fishwick G, et al. Duplex ultrasound
scanning is reliable in the detection of endoleak following
endovascular aneurysm repair. Eur J Vasc Endovasc
Surg.2006;32:537-41. PMid:16875850. http://dx.doi.org/10.1016/j.
€jvs.2006.05.013

Ashoke R, Brown LC,Rodway A, et al. Color duplex ultrasonography
is insensitive for the detection of endoleak after aortic
endografting: a systematic review. ] Endovasc Ther. 2005;12:297-
305. PMid:15943504. http://dx.doi.org/10.1583/04-1479R.1

Parent FN, Meier GH, Godziachvili V, et al. The incidence and
natural his- tory of type | and Il endoleak: a 5-year follow-
up assessment with 1 color duplex ultrasound scan. ] Vasc
Surg. 2002;35:474-81. PMid:11877694. http://dx.doi.org/10.1067/
mva.2002.121848

Moreira RCP. Estudo comparativo de eco-Doppler cm arteriografia
naavaliagdo da doenga oclusiva aortoiliaca. ] Vasc Bras. 2009;8:3-
13. http://dx.doi.org/10.1590/S1677-54492009000100002

Beeman BR, Doctor LM, Doerr K, McAfee-Bennett S, Dougherty
M), Calligaro KD. Duplex ultrasound imaging alone is suficient
for midterm endovascular aneurysm repair survaillance: A cost
analysis study and prospective comparison with computed
tomography scan. ] Vasc Surg. 2009;50:1019-24. PMid:19656651.
http://dx.doi.org/10.1016/.,jv5.2009.06.019

Correas JM, Bridal L, Lesavre A, Mejean A, Claudon M, Helenon
O. Ultrasound contrast agents: properties, principles of
action, tolerance, and artifacts. Eur Radiol. 2001;11:1316-28.
PMid:11519538. http://dx.doi.org/10.1007/s003300100940

Giannoni MF, Palombo G, Sbarigia E, Speziale F, Zaccaria A,
Fiorani P. Contrast-enhanced ultrasound imag- ing for aortic
stent-graft surveillance. ) Endovasc Ther. 2003;10:208-17. http://
dx.doi.org/10.1583/1545-1550(2003)010<0208:CUIFAS>2.0.CO;2

J Vasc Bras. 2014 July-Sept; 13(3):168-174

36. Napoli V, Bargellini I, Sardella SG, et al. Abdominal aortic
aneurysm: contrast-enhanced US for missed endoleaks after
endoluminal repair. Radiology. 2004;233:217-25. PMid:15454621.
http://dx.doi.org/10.1148/radiol.2331031767

3

~N

. Henao EA, Hodge MD, Felkai DD, et al. Contrast-enhanced duplex
surveillance after endovascular abdominal aortic aneurysm repair:
Improved efficacy using a continuous infusion technique. ) Vasc
Surg. 2006;43:259-64. PMid:16476596. http://dx.doi.org/10.1016/j.
jv5.2005.09.045

3

el

. Carrafiello G, Recaldini C, Lagana D, Piffaretti G, Fugazzola
C. Endoleak detection and classification after endovascular
treatment of abdominal aortic aneurysm: value of CEUS over
CTA. Abdom Imaging. 2008;33:357-62. PMid:17619925. http://
dx.doi.org/10.1007/s00261-007-9268-3

39. Rao QA, Newhouse JH. Risk of ne- phropathy after intravenous
administration of contrast material: a critical literature analysis.
Radiology. 2006;239:392-7. PMid:16543592. http://dx.doi.
org/10.1148/radiol.2392050413

Correspondence

Fernando Barbosa Trevisan

Avenida Sdo Paulo, 550/1608 — Centro
CEP 86010-060 — Londrina (PR), Brazil
E-mail: fernandotrvsn@hotmail.com

Author information

DMF and WES are Adjunct Professors of Angiology and Vascular
Surgery at the Department of Surgery of Universidade

Estadual de Londrina (UEL).

FBT is a resident in Angioradiology and Endovascular Surgery at
Hospital Universitario Regional do Norte do Parana.

JMSS is an Associate Professor of Angiology and Vascular Surgery at the
Department of Surgery of Universidade Estadual de Londrina (UEL).
EDR is an Assistant Professor of Angiology and Vascular Surgery at the
Department of Surgery of Universidade Estadual de Londrina (UEL).
SVMD is a resident in Vascular Surgery at Hospital Universitario
Regional do Norte do Parana.

HM is a resident in Vascular Surgery at Hospital Universitario
Regional do Norte do Parana.

Author contributions

Conception and design: DMF, FBT

Analysis and interpretation: JMSS, FBT, WES, DMF, EDR, SVMD, HM
Data collection: JMSS, FBT, WES, DMF, EDR, SYMD, HM

Writing the article: DMF, FBT, JMSS

Critical revision of the article: JMSS, FBT

Final approval of the article*: JMSS, FBT, WES, DMF, EDR, SVYMD, HM
Statistical analysis: DMF, FBT

Overall responsibility: DMF, FBT

Obrained funding: None

* All authors have read and approved of the final version of the
article submitted to ) Vasc Bras.



