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Abstract

Objective.As aneurysm related events and rupture is not eliminated, postoperative lifelong surveillance is mandatory after
endovascular aneurysm repair(EVAR).For surveillance colored Doppler ultrasound(CDUS) is a standard method of noninvasive
evaluation having the advantages of availability, cost-effectiveness and lack of nephrotoxicity and radiation.We evaluated CDUS
for primary surveillance tool after elective EVAR by comparing with computerized tomography. Methods.Between 2018-2020,
84 consecutive post-EVAR patients were evaluated.Firstly, CDUS was performed by two Doppler operators from the Radiology
and computed tomographic angiography (CTA) was performed.A reporting protocol was organized for endoleak detection
and largest aneurysm diameter. Results.Among 84 patients, there were 11 detected endoleaks(13,1%) with CTA and 7 of
them was detected with CDUS (r=0,884,p<0.001).There is an insufficiency in detecting low flow by CDUS.Eliminating this
frailty, there was a strong correlation of aneurysm sac diameter measurement between CTA and CDUS (r=0,777,p<0,001).The
sensitivity and specificity of CDUS was 63,6% and 100% respectively.The accuracy was 95,2%.Positive and negative predictive
values were 100% and 94,8%.Bland-Altman analysis and linear regression analysis showed no proportional bias (mean difference
of 1.5±2.2mm,p=0.233). Conclusions.CDUS promises accurate results without missing any potential complication requiring
intervention as Type I or III endoleak.Lack of detecting type II endoleaks may be negligible as sac enlargement was the key for
reintervention in this situation and CDUS has a remarkably high correlation with CTA in sac diameter measurement. CDUS
may be a primary surveillance tool for EVAR and CTA will be reserved in case of aneurysm sac enlargement,detection of an
endoleak,inadequate CDUS or in case of unexplained abdominal symptomatology

Introduction

The noninvasive nature of endovascular procedures and successful early results were the main reasons of en-
dovascular popularity all around the world (1-3). As the endovascular procedures has potential device related
complications and aneurysm related events has not completely vanished, lifelong surveillance is mandatory.
The follow up protocols should diagnose complications requiring reintervention, earlier enough to have time
for elective treatment. Increasing awareness of the risks and costs of a lifelong computed tomographic an-
giography (CTA) surveillance, led to find out convenient follow up modalities offering non-invasiveness, cost
saving, safety, availability and accuracy.

CTA still is the gold standard as a diagnostic tool and preoperative measurements in aortic aneurysms for
endovascular abdominal aortic aneurysm repair (EVAR), however since potential malignancy risk is not
zero and there is risk of nephrotoxicity (7-12%)(4-8), as it may not be a suitable follow-up modality. Also
regarding health economics, almost one third of the EVAR cost can be attributed to post-EVAR radiologic
imaging (9-12). The Markov model base-case analysis results show that annual follow-up with Color Doppler
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Ultrasonography (CDUS) only is the strategy with the lowest cost (12). There are conflicting conclusions
among the studies about CDUS as a surveillance modality after EVAR, maybe because of the heterogeneity
of study designs, equipment, techniques, or training (9,10,13-26). The findings of the nine systematic reviews
of diagnostic accuracy show that for CDUS the pooled sensitivity for detection of all types of endoleaks
ranged from 65 to 96% and the pooled specificity ranged from 90 to 97% (12). Anyway, current guidelines
suggest CTA and CDUS as follow up modalities in case of different scenarios (4,5).

Eventhough life-long surveillance after EVAR is universally accepted, there are currently no ideal frequency
or standart regimen for imaging protocols. Because of this heterogeneity, almost every clinic has its own
protocol. Modified surveillance protocols have been proposed to eliminate repetitive CTA examinations. In
this study, we evaluated CDUS as the primary follow-up modality for post-EVAR patients by comparing the
results with CTA.

Patients and Methods

Between January 2018 and March 2020, we organized a follow-up protocol between Department of Radiology
and Department of Cardiovascular Surgery. Consecutive 84 patients who experienced elective and standard
EVAR procedure for infrarenal abdominal aortic aneurysm, were evaluated in the outpatient clinic. The
mean age of the patients was 68.5±7.8 years (61-89 years). Patient demographics are given in table 1.
Hybrid operations, complex EVAR procedures (chimney, snorkel) and emergency cases were excluded. Two
operators were performing all the CDUS from the Radiology Department. CDUS operators were blind of any
CTA reports as CDUS was carried out first. The time between two modalities was 7 days in average. The
reporting protocol was organized as the detection of an endoleak and sac measurements. Caliper placements
for measurement of aortic diameter were put into a consensus as outer to outer manner. All reports were
recorded to patient’s charts.

Commercially available devices were used during the study, including Medtronic Endurant II, Endologix
AFX, Gore Excluder, Jotec and Lifetech Ankura. Endoskeletons were nitinol except Endologix AFX (cobalt
chromium) and graft material was Dacron or PTFE.

This study follows the Declaration of Helsinki and ethical approval was granted by the local institutional
ethical board. In addition, informed consent was obtained from all the patients.

CDUS. All CDUS was performed by using a GE Logiq S7 Expert R3 (General Electric Company, Mill-
wakuee, WI) equipped with C1-6 Mhz curvilinear broadband transducer probe. Aorta was scanned from
the diaphragm to the iliac vessels by transverse and longitudinal planes, the aortic diameter was measured
outer to outer manner always. Multiple transverse and anteroposterior measurements were obtained, and
maximum measurements were recorded. All patients were asked to fast up to 6-8 hours. All patients were
scanned in the supine position in a dark out-patient clinic room according to the organized protocol. The
endograft and the aneurysm sac were assessed using B-mode, color flow and spectral Doppler to rule out
any endoleak. Doppler scan with color flow was confirmed with spectral analysis and mapping of blood flow
pattern. Contrast was not used in any patient.

CTA. The CTA protocol consisted of a set of an arterial scan phase followed by a single venous scan phase.
All of the CT angiograms were obtained with a 512 - slice CT scanner (Revolution CT, GE Healthcare,
Waukesha, Wisconsin, US). Patients were examined in the supine position. After localizer scans were obtained
and 90 mL of nonionic iodinated contrast material (Iohexol, Omnipaque 350 mg of iodine per milliliter; GE
Healthcare) was injected at a flow rate of 4 mL/sec through an 18-gauge antecubital intravenous line, the
CT angiography series was started with bolus-tracking measurement in the abdominal aorta at a threshold
of 170 HU. The arterial phase of the series was followed by venous phase scanning that covered the entire
abdominal aorta, with a delay of 80 seconds after completion of the first scan

Statistical analysis

All statistical analyses were carried out using SPSS for Windows 15.0 (SPSS Inc., Chicago, IL, USA).
Continuous variables with normal distribution were expressed as mean ± standard deviation (SD), and
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categorical variables were expressed as number and percentage. Sensitivity and specificity values, accuracy,
positive and negative predictive values were analyzed by the contingency table and calculated for CDUS
CTA as the gold standard method. Bland-Altman plot was generated to evaluate agreement between two
measurements of sac diameter (CDUS and CTA) by constructing limits of agreement. These limits are
calculated by using the mean and standard deviation of the differences between two measurements. At least
95% of paired measurements were expected to lie within ± 2 SD of the mean difference. Linear regression
analysis was conducted to assess proportional bias. Type-I error of 0.05 was set as statistically significant.

Results

Technically there was no inadequate CDUS examination. There were 11 detected endoleaks (13.1%) with
CTA and 7 with CDUS (8.3%). There was one type IA, three type IB, two type III and five type II endoleaks
detected with CTA (Table 2). CDUS was not able to detect four type II endoleaks, however, all type I and III
endoleaks were detected. Figure 1-4 demonstrate the type I and III endoleaks in Blood flow image(BFi) and
Color Doppler modes. Among the modes of CDUS, eventhough BFi was much more demonstrable, there was
no superiority or sensitivity difference. There were no leaks missed on CDUS requiring intervention however,
there was an insufficiency of CDUS in detecting low flow. Eliminating this frailty, there was a very high
correlation of aneurysm sac diameter measurement between CTA and CDUS. For CDUS average aneurysm
sac diameter was 57.1±14.5 mm, for CTA 58.7±15.0 mm. There was a very strong correlation of CTA and
CDUS for diameter measurement and endoleaks (r = 0.884 and r = 0.777 respectively, p < 0.001 for both).

The mean difference from Bland-Altman analysis (Figure 5) was 1.5 ± 2.2 mm and limits of agreement were
-2.85 mm (lower limit) and 5.93 mm (upper limit). A small percentage of measurements were outside of the
± 2 SD ranges. The direction and magnitude of the mean differences were similar between the two methods
of measurement (CDUS and BTA). Linear regression analysis represented no proportional bias (p=0.233).

The sensitivity and specificity of CDUS was 63.6% and 100% respectively. The accuracy was 95.2%. Positive
and negative predictive values were 100% and 94.8% respectively. The missed type II endoleaks were not
considered to be clinically significant. They are still under follow up for sac enlargement. The detected type
II endoleak was written as “suspected endoleak” because of a mobile thrombus seen inside the aneurysm sac.

Discussion

The frequent use of CTA scanning has raised concerns related to the added cost, as well as cumulative
radiation exposure and the use of nephrotoxic agents (6-10,27,28). The Society for Vascular Surgery practice
guidelines scaled back and currently recommend contrast-enhanced CT scanning at 1 and 12 months during
the first year after EVAR and adds if neither endoleak nor aneurysm expansion is detected subsequent duplex
follow up may be a reasonable alternative (4). All the guidelines suggest that type I and III endoleaks should
be treated immediately with a strong recommendation (4,5). For type II endoleaks aneurysm expansion
should be surveilled. Expansion of sac diameter [?] 1 cm detected during the follow up after EVAR using the
same modality and measurement method may be considered as a reasonable threshold for significant growth
(4,5).

Surveillance after EVAR is universally accepted eventhough there are currently no ideal frequency or standart
regimen. Compliance of patients to surveillance after EVAR is around 60% in the literature (29). As a vas-
cular surgeon we must improve patient compliance for EVAR surveillance without any adverse consequences
in the long term. Besides distant homeland of the patient, the awareness of the risks of CT surveillance is a
critical issue on this topic. A noninvasive, easy to apply and repeatable tool will be pleased by the patients
also.

CDUS does not carry associated radiation exposure and nephrotoxicity risk as well as the obvious advantage
of being readily available and non-invasive manner. These specifications make it a more desirable imaging
modality for long term surveillance. However, it is definitely operator dependent and the quality of the
images can be adversely affected by obesity or excess bowel gas. Concerns have been raised in the past
regarding its variable sensitivity in detecting endoleaks almost always because of type II endoleaks (10, 13,
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16, 30, 31). Based on recent reports, some investigators have proposed that follow up with duplex ultrasound
as the sole imaging modality is proper (9, 10, 16). CDU sensitivity for type I and III is excellent. CDUS has
the advantage of identifying the flow direction of endoleaks over CT.

Sensitivity refers to the ability of a test to detect a positive finding; a highly sensitive test will detect
most real problems but may return some false positives. In contrast, a highly specific test will be very
trustworthy when it is positive, though it will not necessarily detect all true positives. Accuracy refers to the
overall rate of true test results. In literature, there are many diverse reports about sensitivity and specificity
concerning the endoleak detection of CDUS. These conflicts may be due to heterogeneity of study designs,
lack of standardized protocols, equipment, techniques, or training. Notably some rigorous CDUS reporting
90-minute search for endoleaks or some CT protocols did not include delayed phase images (19, 25, 32). In
our study, the CDUS examination took approximately 10 to 20 minutes depending on the patient’s status,
bowel gas or obesity. Raman et al, one of the largest studies, reports 43% sensitivity may have been a
consequence of older equipment and shorter scan times (23). Elkouri declaring CDUS sensitivity of only
25% may be because of the lack of a standardized technique and protocol (24). Nagre et al reported a very
low overall sensitivity of 35% however in each case requiring reintervention, CDUS detected the endoleak
on subsequent visit or detected a significant increase in aneurysm sac (33). In our study, the sensitivity
and specificity of CDUS was 63,6% and 100% respectively. The accuracy was 95,2%. Positive and negative
predictive values were 100% and 94,8%. According to our findings, CDUS is highly sensitive and capable
of diagnosing Type I and III endoleaks which require reintervention. There was no endoleak which were
detected on CT and missed on CDUS requiring reintervention. Lack of detecting type II endoleaks may be
negligible as sac enlargement was the key for reintervention in this situation and CDUS has a remarkably
high correlation with CTA in sac diameter measurement.

Our results showed strong correlation among CDUS and CTA in measuring the sac diameter, as it is in the
literature (23,24,34,35). The correlation of CTA and CDUS for diameter measurement and endoleaks were
remarkably strong with statistical significance (r = 0,884 and r = 0,777 respectively, p < 0,001). These results
are comparable with Gray (r=0,96) (10) and Arko (r=0,93) (15) to the degree of correlation. There is also a
consistent observation that CDUS underestimates size compared to CTA (23, 24, 34). This diameter follow-
up issue is very important for Type II endoleak surveillance and endotension. Follow up of sac diameter
with the same modality will be of foremost importance for successful CDUS surveillance.

In literature there is inconclusive CDUS results of 6-25% possibly due to techniques, experience or how
you define the technical adequacy and factors concerning the patient (10, 19, 21, 24). In our experience,
we do not have an inconclusive CDUS result. We always inform patients about fasting for 6-8 hours and
all examinations were performed in the morning session. To our knowledge, only examinations soon after
implantation, may be inadequate because of inflammation, or air captured inside the deployment devices.
Our ultrasound scan almost always took 10-20 minutes of search of the aneurysm sac.

There are studies concerning the contrast enhanced doppler ultrasound (CEUS) concluding superior sensitiv-
ity and accuracy over CDUS and also CTA (12,31,36-39). Contrast enhancement will increase the sensitivity
also with the cost, iv administration, risk of allergy and longer time duration. We do not used and/or needed
any contrast in our study, undoubtedly cost of surveillance will increase by CEUS and studies confirm the
only cost-effective modality is CDUS (12) .

The frequency, length of follow-up, imaging protocols are very heterogenous, almost every clinic has its own
protocol. Our clinical approach for surveillance after EVAR begins with baseline CTA for all patients as
a reference point. It should be performed with in the first three months after the procedure, according to
the patient’s renal status, aneurysm anatomy and risk of graft related complications. Component overlap,
sealing zones, positioning and endoleaks are evaluated at this reference CTA, and the images are kept for
every patient in order to compare and comment for possible future complications. After that, our follow up
modality is CDUS for every 6 months in the absence of an endoleak or aneurysm sac enlargement. If there is
a type II endoleak in the CTA, we again follow the patient with CDUS with concern to the sac enlargement
every 6 months. We use CDUS as a primary surveillance tool for EVAR, we reserve CTA scan, in case of
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aneurysm sac enlargement, detection of an endoleak, inadequate CDUS or in case of unexplained abdominal
symptomatology. By this way we not only avoid ionizing radiation or nephrotoxic agents, but achieve cost
saving issue also.

Limitation of CDUS is the detection of structural deformities. However, if there is no endoleak or aneurysm
sac enlargement we follow those patients so it is not important issue. In complicated cases Type Ib and Type
III endoleaks may resemble each other however as this situation should be confirmed with CTA, there will
be no missed patients requiring reintervention. The limitations of CDUS must be weighted with its benefits.
Limitation of our study is its single center, cross-sectional structure. Patients are from various stages of
follow-up and different commercial endografts.

What must be the goal of the post-EVAR surveillance test? Not to miss a diagnosis or not to miss an essential
reintervention. For a vascular surgeon, proper physical examination, symptomatology of the patient is also
of significant importance. Most reinterventions occur in symptomatic patients and only 1.4 – 9 % of patients
require reintervention as a result of detected abnormalities (27,28,40-42). Safety concerns, availability and
inexpensive non-invasive manner make it a more desirable imaging modality for long term surveillance.

CDUS is a convenient modality for monitoring the evolution of the aneurysm sac and sufficient to identify
complications requiring reintervention. Also, CDUS better provides the characterization of the endoleak by
flow direction. Therefore, we perform CDUS for post-EVAR patients as the primary diagnostic test, reserving
CT for consulting the reintervention strategy. It may easily be repeated without any safety concerns. Modern
equipment and highly experienced Doppler operators remain crucial requirements for CDUS surveillance.
Randomized clinical trials should target if CDUS surveillance is satisfactory for all patient group.
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Figure legends

Figure 1. A. Post-EVAR infrarenal abdominal aorta. B. Type I endoleak filling the aneurysm sac. While
examination with CDUS, the flow leads the direction facilitating to detect the endoleak type.

Figure 2. Type Ib endoleak demonstrated with blood flow image mode (axial section)

Figure 3. Type III endoleak demonstrated with color Doppler mode.

Figure 4. Type III endoleak demonstrated with blood flow image mode (sagittal section)

Figure 5. Bland-Altman plot of difference in diameter of sac against the avarage that shows a bias of 1.5
mm and limits of agreement spanning from -2.9 mm to 5.9 mm. The center solid line indicates the mean
difference. The lower and upper lines stand for the mean difference ± 2 standard deviations.

Hosted file

Tables.pdf available at https://authorea.com/users/362364/articles/483538-color-doppler-
ultrasound-for-surveillance-following-evar-as-the-primary-tool

8

https://authorea.com/users/362364/articles/483538-color-doppler-ultrasound-for-surveillance-following-evar-as-the-primary-tool
https://authorea.com/users/362364/articles/483538-color-doppler-ultrasound-for-surveillance-following-evar-as-the-primary-tool


P
os

te
d

on
A

ut
ho

re
a

28
Se

p
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

13
35

99
.9

33
48

38
8

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

9



P
os

te
d

on
A

ut
ho

re
a

28
Se

p
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

13
35

99
.9

33
48

38
8

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

10



P
os

te
d

on
A

ut
ho

re
a

28
Se

p
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

13
35

99
.9

33
48

38
8

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

11


