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Abstract

Background: Diagnosis of abdominal aortic aneurysm (AAA) is usually incidental, and surgical treatment, when
indicated, may be open or endovascular. The drawbacks of computed angiotomography (CTA) and the advantages of
Doppler ultrasonography have led to the development of alternative follow-up protocols, comparing the two methods.
Objective: To determine validity indices for Doppler ultrasonography and to correlate them with CTA results in a
group of patients who had undergone elective endovascular treatment of AAAs. Material and methods: Thirty-three
patients were selected. The following three items were evaluated: 1) presence or absence of endoleak; 2) presence
of blood flow in the aortoiliac segment; and 3) maximum AAA diameter. Results: For the detection of endoleak,
Doppler ultrasonography showed a sensitivity of 54.5%, a specificity of 92.8%, a positive predictive value of 85.7%, a
negative predictive value of 92.8%, and an overall accuracy of 76%. For the evaluation of blood flow in the aortoiliac
segment, values were 100, 97.8, 80, 97.8, and 98%, respectively. Maximum AAA diameter was similarly measured by
both methods, with statistically significant differences (mean difference: 1.98 mm). Pearson’s correlation coefficient was
097, showing that Doppler ultrasonography and CTA yielded similar results. Conclusion: Doppler ultrasonography
showed good validity indices and a moderate correlation with CTA in the postoperative evaluation of patients
undergoing endovascular treatment of AAAs.
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Resumo

Contexto: O diagnostico de aneurisma da aorta abdominal (AAA) em geral ocorre incidentalmente, e o tratamento
cirdrgico, quando recomendado, pode ser aberto ou endovascular. Tendo em vista as desvantagens da angiotomografia
e as potencialidades da ecografia vascular com Doppler, protocolos de seguimento alternativos incluindo os dois
métodos tém sido estudados. Objetivos: Determinar indices de validade para a ecografia vascular com Doppler e sua
correlagido com a angiotomografia na avaliagido pds-operatéria de pacientes submetidos ao tratamento endovascular
eletivo do AAA. Métodos: Foram avaliados 33 pacientes. Os trés itens a seguir foram avaliados: 1) presenca ou nao
de vazamento; 2) fluxo no segmento aorto-iliaco; e 3) diametro maximo do AAA. Resultados: Para a deteccdo de
endoleak, a ecografia vascular com Doppler apresentou sensibilidade de 54,5%, especificidade de 92,8%, valor preditivo
positivo de 85,7%, valor preditivo negativo de 92,8% e acuracia total de 76%. Para a avaliagdo do fluxo no segmento
aorto-iliaco, os valores foram 100, 97,8, 80, 97,8 e 98%, respectivamente. Quanto ao didmetro maximo do AAA, ndo
houve diferenca estatisticamente significativa entre os métodos (diferenga média de 1,98 mm). O coeficiente de
correlagao de Pearson foi de 0,97, demonstrando que a ecografia vascular e angiotomografia fornecem resultados
semelhantes. Conclusdo: A ecografia vascular com Doppler apresenta bons indices de validade e correlagdo moderada
com a angiotomografia na avaliagdo pds-operatdria de pacientes submetidos a tratamento endovascular de AAAs.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is defined
as an enlargement of the aorta by = 50% of the
normal arterial diameter. AAAs are the most frequent
type of aneurysm found in clinical practice; they
are 3- to 7-fold more frequent than thoracic aortic
aneurysms, and affect more men than women, at
a 4:1 ratio. AAA rates are higher in elderly white
men and lower in blacks, but in Asia, the frequency
is equivalent to that observed in whites. In Brazil,
reported prevalence of AAAs in people aged > 60
years ranges from 2.1% to 2.5%>.

The diagnosis of AAA usually occurs incidentally.
To reduce the morbidity and mortality associated
with eventual rupture (mortality rates range from
65 to 85%*), elective treatment is recommended
whenever its size reaches 5.5 cm in diameter.
However, subgroups of individuals with low surgical
risk and long life expectancy may choose to be
treated early.’

The first operations performed to correct AAAs,
conducted by Dubost in the 1950s, were based on the
removal of the entire dilated segment with arterial
reconstruction. Some credit Creech, others Javid, and
yet others DeBakey, with the idea of just inserting a
tube into the aneurysm while keeping the weakened
arterial wall surrounded. For several decades, this
tube was installed inside the aorta by suture, i.e.,
opening the aneurysm and then closing it around the
tube. Only in the late 1980s did it become possible
to introduce the tube through the femoral artery and
then fix it within the aneurysm using stents®; this
process became known as endovascular repair. Now,
after over 20 years, endovascular repair has replaced
open surgical treatment of AAAs in a large number
of cases, but not all.

The choice between open surgery and endovascular
repair is still controversial’. If a vascular surgeon
chooses to treat his AAA patient using endovascular
repair, the patient should be followed for life with
diagnostic exams, to ensure that the aneurysm
is excluded from the blood stream. The main
complications are occlusion of the prosthesis or its
branches and leakage (endoleak).

Endoleak can be defined as the transmission of flow
and pressure into the aneurysm sac. Various protocols
have been proposed to diagnose complications of
endovascular repair of AAAs, especially endoleak.
In almost all cases, the follow-up protocol was based
on serial computed angiotomography (CTA) scans,
beginning in the first month after repair, then after 6
and 12 months, and yearly thereafter®. However, the
frequent use of CTA in the public and private health
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care settings is costly, and the cumulative exposure
to radiation may increase the risk of cancer’. Also,
CTA uses iodinated contrast, which is nephrotoxic
and may trigger anaphylatic reactions. For these
reasons, alternative follow-up protocols, including
Doppler vascular ultrasound, have been studied®.

Lacerda'' published a study demonstrating
comparable results for vascular ultrasound and CTA
(p=0.8 for Kappa) in the detection of leak, suggesting
that vascular ultrasound is a promising method for
the diagnosis and monitoring of potential leaks in
patients treated with endovascular surgery. In Brazil,
experience with systematic comparisons between the
two methods is still limited.

Taking into consideration the disadvantages
of CTA and the potential advantages of Doppler
vascular ultrasound, this prospective study was
designed to compare CTA (considered the gold
standard method) and Doppler vascular ultrasound
in patients subjected to endovascular treatment of
AAAs. The objective of the study was to determine
validity indices of Doppler vascular ultrasound
and to correlate findings with CTA results in the
postoperative evaluation of patients who had
undergone elective endovascular treatment of AAAs.

MATERIAL AND METHODS

A total of 33 patients (30 men, 73+6.9 years)
were evaluated. Fifty Doppler ultrasound and
CTA examinations were compared. Each patient
underwent one to four comparative exams. Indication
criteria for elective endovascular treatment of AAAs
were defined by the vascular surgeon. In order to
adequately compare vascular ultrasound and CTA
studies, the interval between the two examinations
could not exceed 90 days.

The study was approved by the institutional
Research Ethics Committee, and written informed
consent was obtained from all patients. Exam
interpretation was blinded for test information, even
in patients with more than one test pair.

Two different clinics were chosen to perform
vascular ultrasound and CTA examinations. Doppler
vascular exams were performed by three experienced
vascular ultrasonographists certified by the Brazilian
Society of Angiology and Vascular Surgery and
the Brazilian College of Radiology. The ultrasound
equipment used in the present study were Philips
EnVisor and Philips HD-11 (Bothell, WA, USA).
The vascular ultrasound protocol required 40 minutes
to complete and followed the recommendations
of Sato et al.'2. Three radiologists specializing in
diagnostic imaging for vascular studies performed
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the CTA examinations. The equipment used in the
present study were Elscint Twin Flash / Dual Slice
Helical, Toshiba Multislice Aquilion, Siemens
64-channel, and Somatom Definition AS+ /
Multislice 128 channels. CTA images were obtained
in the axial plane using a multidetector spiral CTA
during intravenous injection of iodinated non-ionic
contrast. Isotropic multiplanar reconstructions and
three-dimensional reconstructions were obtained.

Statistical analysis

Three aspects were evaluated in the two exams:
presence or absence of endoleak, presence of flow
in the aortoiliac segment, and maximum AAA
diameter. Results were statistically analyzed using
three methods: analysis of validity, kappa correlation
coefficient, and Pearson’s correlation coefficient. The
presence or absence of endoleak and the presence
of flow in the aortoiliac segment were assessed
considering CTA results as the gold standard. Data
were entered into 2x2 tables, and the following
validity indices were calculated: sensitivity,
specificity, positive predictive value, and negative
predictive value. Subsequently, indices of accuracy
were calculated for both the presence or absence of
endoleak and for patency of the aortoiliac segment.
Kappa correlation coefficients were also calculated
to assess these two items. Finally, correlation of the
largest transverse diameter of the AAA according
to Doppler vascular ultrasound and CTA data was
calculated using Pearson’s correlation coefficient.
These results were analyzed using scatter and Bland-
Altman plots.

RESULTS

Endoleak assessment

Among the 50 paired examinations, CTA
identified a total of 22 endoleaks (44%), compared
to 12 (22%) with Doppler vascular ultrasound. Paired
tests were concordant for the presence or absence
of endoleaks in 38 cases (76%), vs. 12 discordant
cases (24%). Considering CTA as the gold standard
for the diagnosis of endoleaks, Doppler ultrasound
showed a sensitivity of 54.5%, a specificity of 92.8%,
a positive predictive value of 85.7%, a negative
predictive value of 92.9%, and an overall accuracy
of 76% (Table 1). Kappa correlation coefficient
was 0.49. Among the 10 false-negative tests, i.e., in
which Doppler vascular ultrasound failed to identify
endoleaks as per CTA, there were seven cases of
type II endoleak and three cases where CTA was
unable to unequivocally define endoleak type. Also,
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among those 10 false-negative cases, we identified
three cases with endoleak stabilization, reduction or
resolution, four cases with no subsequent follow-
up examination, and three cases in which AAA
diameter increased. In the two false-positive cases,
i.e., in which Doppler vascular ultrasound identified
an endoleak not shown on CTA, intervals of 60 and
80 days had elapsed between the two exams, and
Doppler vascular ultrasound, performed first, was
unable to define endoleak type. The total number of
endoleaks identified by CTA (44% of total sample)
were defined as type Il in 17 cases, type III in three
cases, and unspecified type in four cases (Figures 1
to 4).

Flow in the aortoiliac segment

Patency rate in the aortoiliac segment was 98%
according to both Doppler vascular ultrasound and
CTA. Only one case showed occlusion of the left
common and external iliac arteries, which was
treated with femoro-femoral bypass. Four cases
of hemodynamically significant stenosis (between

Table 1. Sensibility and specificity of Doppler vascular
ultrasound for endoleak identification.

Doppler vascular Computed angiotomography

ultrasound Endoleak absent Endoleak present
Endoleak absent 26 (92.9%) 10 (45.5%)
Endoleak present 2 (7.3%) 12 (54.5%)
Total 28 22

Figure 1. Computed angiotomography obtained in the axial
plane showing contrast extravasation into the aneurysm sac
and opacification of lumbar arteries at the same level.



Figure 2. Computed angiotomography obtained in the axial
plane showing the presence of contrast externally to the en-
doprosthesis, associated with deformation of its left branch
contour, suggesting a stent defect (type Ill endoleak).

AORTAE IL:

Figure 3. Vascular Doppler ultrasound showing endoleak
prior to the stent.
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Figure 4. Vascular Doppler ultrasound with spectral analysis
of endoleak.
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50 and 75%) were also identified by both tests. In
one case, Doppler vascular ultrasound identified
a hemodynamically significant stenosis at the
common iliac artery and origin of the left external
iliac artery which was not confirmed by CTA. When
compared with CTA, Doppler vascular ultrasound
showed a sensitivity of 100%, a specificity of 97.8%,
a predictive positive value of 80%, a negative
predictive value of 97.8%, and an overall accuracy
of 98%. Kappa correlation coefficient was 0.88
(Table 2).

Maximum AAA diameter

Maximum transverse diameters of the aneurysm
sac following endovascular AAA repair were
54.5£12.6 mm for CTA and 52.5£13.1 mm for
Doppler vascular ultrasound. In a paired analysis,
no significant differences were observed between
the two measures (mean difference of 1.98 mm).
Pearson’s correlation coefficient was 0.97 (p<0.001),
demonstrating that Doppler vascular ultrasound and
CTA yielded similar results (Figures 5 and 6).

DISCUSSION

This prospective study compared postoperative
Doppler vascular ultrasound and CTA findings
following endovascular treatment of AAAs in
33 patients, at a total of 50 paired examinations. Data
were statistically analyzed assuming an independent
character among multiple tests per patient, as
previously described by other authors!'>!5,

The goal of postoperative exams in the
endovascular treatment of AAAs is to diagnose
possible complications, and therefore the test used
should have high sensitivity and a high negative
predictive value. Following endovascular treatment,
angiography has been considered to be the gold
standard examination. This study used different
models of CTA scanners, however with similar
techniques, with acquisition of arterial phase
images using high contrast flow followed by late
stage images for leak detection with slow flow,
suggesting that there were no significant differences
between the CTA images acquired using the different
devices. With regard to the equipment used for

Table 2. Sensibility and specificity of Doppler vascular
ultrasound for stenosis identification.

Doppler vascular Computed angiotomography

ultrasound Patency Stenosis
Patency 45 (97.8%) 0(0%)
Stenosis 1(2.2%) 4(100%)
Total 46 4
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Figure 5. Scatter plot showing correlation between Doppler vascular ultrasound and computed angiotomography findings for
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Figure 6. Bland-Altman plot showing limits of agreement and bias estimated for AAA diameter.

Doppler vascular ultrasound, no differences in image
acquisition were present that could compromise the
results of the analysis.

Studies comparing vascular ultrasound and
angiography for the identification of endoleaks have
produced mixed results. Sato et al.,'”” in a classic
study, and also D’Audiffret et al.,'* showed that
Doppler vascular ultrasound was an excellent test to
search for leaks, with sensitivity rates of 97 and 96%,
respectively. Excellent results for leak identification
were also obtained by Zannetti et al.,'® with a
sensitivity of 91%, and by McLafferty et al.,'” with a
100% sensitivity when compared with angiography.
Elkoury et al.,”” in turn, showed poor results for
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vascular ultrasound in the detection of leaks, with a
sensitivity as low as 25% and a specificity of 89%.

Most studies comparing the two methods have
reported moderate sensitivities for the identification
of leaks, ranging between 51 and 81%, plus excellent
negative predictive values, of 86 to 95%!'318-20,
Our study also showed a moderate sensitivity, of
54%, and an excellent negative predictive value,
of 92%. These results are very similar to those of
Cantisani et al.,”! who found a 58% sensitivity and a
negative predictive value of 89% for the detection of
leaks. Schmieder et al.?? also showed similar results,
with a sensitivity of 64% and a negative predictive
value of 93%.



Even though overall sensitivity rates for leak
detection in the aforementioned studies are only
moderate, a reduced of sensitivity was observed for
type II leaks. Conversely, the sensitivity of Doppler
vascular ultrasound for endoleak types I and III is
excellent”?. Aburahma et al.'® reported a similar
pattern of results, with worst leak detection rates in
type II vs. type I — and it should be noted that type II
leaks usually follow a benign course. Additionally,
in our sample, we consider the two false-positive
cases as being truly positive, i.e., assuming that
spontaneous leak thrombosis occurred (intervals of
60 and 80 days between Doppler vascular ultrasound
and CTA examinations), we would have found
an 80% agreement rate between the two methods;
this same interpretation was also followed by
McLafferty et al.'” Notwithstanding, the long interval
allowed between the two examinations, of 90 days,
should be considered a limitation of the study.

Regarding the identification of leaks, it should
be emphasized that, in this study, Doppler vascular
ultrasound did not allow to determine endoleak type.
In most cases, classification was made based on
CTA findings, but in four of 22 cases (18%), even
CTA was unable to classify the leaks. As previously
described by Zannetti et al.'® and McLafferty et al.,"”
we believe that Doppler vascular ultrasound is useful
to detect a leak and identify its location relative to
the graft, but does not unequivocally classify it.
Some studies have reported an increased sensitivity
for the identification and classification of leaks
using vascular ultrasound with contrast?'**?*, Even
though the use of vascular contrast in Doppler
ultrasound may help reduce unidentified type II
leaks, this approach would increase the number of
false-positive tests, as a result of being too sensitive.
Moreover, it would increase the cost of examinations,
the study time, and would also lose its non-invasive
nature, as patients would require an intravenous
catheter for injecting the second-generation contrast
currently used. In addition, studies so far available
have assessed a small number of patients, and have
focused primarily on the assessment of the method’s
effectiveness.

Analysis of the presence of flow in the aortoiliac
segment by Doppler vascular ultrasound had a
sensitivity of 100%, a specificity of 97%, a positive
predictive value of 80%, a negative predictive value
of 97%, and an overall accuracy of 98% in our
study, with a kappa correlation of 0.88. Excellent
correlation results between the two methods have also
been described by Wolf et al.’* and Beeman et al.'’.
When assessing stenosis and/or occlusion of the
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aortoiliac segment, it is important to mention that
arteriography, not CTA, is the gold standard method.
A prospective comparative study assessing aortoiliac
occlusive disease has reported high levels of validity
and correlation®-2,

Even though CTA is not the gold standard for
the diagnosis of stenosis and/or occlusion, we
could justify the relatively low positive predictive
value found in our sample by the fact that, in one
case, CTA did not confirm the hemodynamically
significant stenosis (between 50 and 75%) present
in the common iliac artery and origin of the left
external iliac artery. While reviewing this exam,
the radiologist suggested the presence of an image
artifact that allowed the stenosis to be identified by
vascular ultrasound. Beeman et al.!® also believe
that vascular Doppler ultrasound is more accurate
than CTA to identify patency and other problems
such as kinking and stenosis. The color flow images
associated with waveform analysis (spectral analysis)
provide anatomic and hemodynamic data that are not
possible to assess by CTA. In their study, vascular
ultrasound accurately identified all seven cases of
graft patency problems requiring treatment'’.

Finally, regarding evaluation of the maximum
diameter of an AAA, the paired analysis showed
no statistically significant differences between
measurements obtained with the two methods, plus
an excellent Pearson correlation coefficient of 0.97
(p<0.001). Therefore, Doppler vascular ultrasound
in our study measured the diameter of aneurysm
sacs as precisely as CTA, and could be safely used
to determine indications for an intervention based
on aneurysm expansion. These results are very
similar to those reported by Wolf et al.,'* who found
a correlation of 0.93, and Beeman et al.,'° with a
correlation of 0.95.

Reduction in AAA size has been used as a
surrogate marker for successful exclusion and
thrombosis of the aneurysm sac and a reduced
risk of rupture. Even though, in our study, a very
good correlation was found for maximum AAA
diameter between the two methods, we agree with
Wolf et al.”® in that Doppler vascular ultrasound is
highly operator-dependent, especially when used to
evaluate intracavitary structures such the abdominal
aorta. For this reason, comparisons between tests
should be conducted in the same vascular ultrasound
service. In the present study, no interobserver
analysis was performed, which can be considered
another limitation.

Despite several comparative studies, to date
CTA remains as the gold standard for postoperative
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evaluation of endovascular surgery, especially
because of the moderate sensitivity associated with
vascular ultrasound in the detection and classification
of leaks. The advantages of CTA vs. vascular
ultrasound are its reproducibility, the fact that it is
less influenced by obesity, and the rapid acquisition
of images. Conversely, limitations include the
potential risk of carcinogenesis due to repeated
exposure to ionizing radiation (an incipient concern
among most physicians in the U.S. and probably
also in Brazil), the risk of complications associated
with the use of iodinated contrast, including allergic
reactions and kidney failure, and the high cost of
the exam. Doppler vascular ultrasound, in turn, is
noninvasive, inexpensive, widely accessible, and,
when conducted by experienced doctors and with
proper equipment, has shown moderate to good
correlation with angiography in the diagnosis of
leaks and excellent correlation in the assessment of
flow in the aortoiliac segment and in aneurysm sac
measurement.

The findings discussed above are similar to those
reported by other authors!'®1%13.1617.2227.28 and may
suggest the possibility to implement new follow-up
protocols after endovascular treatment whenever
endoleaks and an increased aneurysm sac are not
detected on the first postoperative angiography. In
these cases, vascular ultrasound could be considered
an alternative method for annual monitoring. For
example, in most patients showing absence of leakage
and no increase in aneurysm diameter after 30 and
365 days, the recommended follow-up protocol
could be vascular ultrasound rather than angiography
performed annually thereafter. Conversely, in the
small number of patients showing early leakage and
an increased risk for complications, more aggressive
monitoring, diagnosis, and possible treatment
approaches are indicated. In our opinion, in cases
showing good outcomes after AAA endovascular
treatment as documented by angiography at early
follow-up, the alternate use of Doppler vascular
ultrasound and CTA could result in lower costs, less
exposure to ionizing radiation, and less potential
nephrotoxicity due to use of contrasts, without
compromising the ultimate goal of treatment, namely,
prevention of aneurysm rupture.

CONCLUSIONS

Considering CTA as the gold standard in the
postoperative evaluation of endovascular treatment
of AAAs, Doppler vascular ultrasound showed
high sensitivity and a moderate correlation for the
diagnosis of endoleak, high sensitivity and a good
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correlation in the evaluation of aortoiliac flow, and
a good correlation determining maximum AAA
diameter.
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