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Endoleaks are one of the most common, yet unique, 
endograft-related complications. They are defined 
as the persistence of blood flow outside the graft 

but within the aneurysmal sac after endovascular repair. 
Persistent endoleaks may lead to aneurysmal sac expan-
sion and rupture.1–3 A recent case report revealed that the 
change in character of spontaneous echocardiographic 
contrast (SEC) observed by intraoperative transesophageal 
echocardiography (TEE) could indicate successful closure 
of an endoleak during thoracic endovascular aortic repair 
(TEVAR).4 SEC is defined as a dynamic, smoke-like echo 
with a characteristic swirling motion, which implies entry 
of blood into the aneurysmal sac.5–7 As the SEC decreases, 
the echogeneity within the sac increases, indicating throm-
bus formation. However, whether residual SEC observed by 
intraoperative TEE can predict the incidence of a postop-
erative persistent endoleak remains unknown. Whether the 
observation of SEC disappearance and thrombus formation 
is a useful sign for confirming the absence of a postopera-
tive persistent endoleak is also unclear. We hypothesized 
that patients with residual SEC observed by intraoperative 
TEE had a higher incidence of endoleaks on postoperative 
follow-up computed tomography (CT) after TEVAR than 
did patients without residual SEC. To test this hypoth-
esis, we designed this observational study to examine the 

relationship between the presence of intraoperative residual 
SEC and the incidence of endoleak on postoperative follow-
up CT examination in patients undergoing TEVAR.

METHODS
Study Population
The institutional ethics committee of Niigata University 
Medical and Dental Hospital, Niigata, Japan, approved this 
prospective observational study. All patients gave written 
informed consent for this study. The study was registered at 
University Hospital Medical Information Network (UMIN)-
Clinical trial and registry as UMIN 000008939.

From July 2010 to June 2013, consecutive adult patients 
undergoing TEVAR for treatment of a descending thoracic 
aortic disease caused by an aneurysm, type B aortic dissec-
tion, or trauma were included in this study. Patients with 
contraindications to TEE were excluded.

Intraoperative Management
After induction of general anesthesia, a 5-MHz multiplane 
TEE probe was inserted and connected to an ultrasound 
system (ProSound ALPHA 10; Aloka, Tokyo, Japan). The 
baseline assessments of aortic diseases (morphological 
characteristics, diameter, and location of aneurysm; number 
and sites of intimal tears of aortic dissection) and cardiac 
function were comprehensively evaluated with TEE before 
performing the skin incision. After administration of IV 
heparin (60 U/kg) until the targeted activated clotting time 
of ≥200 seconds was achieved, the guidewire was inserted 
through the femoral artery and advanced under fluoro-
scopic and TEE guidance. The activated clotting time was 
maintained between 200 and 300 seconds during the pro-
cedure. The endovascular stent system was also delivered 
over the guidewire under fluoroscopic and TEE guidance. 
Subsequently, the TEE probe was withdrawn into the proxi-
mal esophagus to allow angiographic examination dur-
ing endograft deployment. The endografts were deployed 
under fluoroscopic and angiographic control. Successive 
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balloon expansions were performed to achieve tight contact 
between the endograft and the aortic wall. Next, angiog-
raphy was performed to check for endoleaks; when pres-
ent, additional balloon expansions were performed. If the 
endoleaks remained after the second additional balloon 
expansion, more endografts were placed. Finally, the place-
ment system was removed. The mean arterial pressure was 
maintained at ≥70 mm Hg after endograft deployment to 
reduce the risk of spinal cord ischemia.

TEE Examination
Intraoperative assessment for residual SEC or thrombi within 
the aneurysmal sac was started immediately after removing the 
placement system and completed within 5 minutes before prot-
amine injection. Identification of SEC did not alter the surgi-
cal procedure. SEC assessment was performed using standard 
views of the aortic arch and descending aorta (upper esophageal 
aortic arch long-axis view at 0° and short-axis view at 90°, mid-
esophageal descending aorta short-axis view at 0° and long-
axis view at 90°−110°).8 The criteria for assessment of residual 
SEC and thrombi were standardized among the anesthesiolo-
gists who performed the TEE examinations. Residual SEC was 
defined as observation of SEC in at least a fraction of the sac 
(Figure). A thrombus was defined as the absence of SEC within 
the sac regardless of its degree of high echo density. When we 
could not see even a fraction of the sac because of acoustic shad-
owing from the endograft, the patient was regarded as “unob-
servable” and was excluded from the final analysis. In patients 
with type B aortic dissection, we assessed the false lumen 
around the intimal tear. SEC around a distal entry tear was not 
considered an endoleak.9 TEE assessment was performed with 
the same settings for echocardiographic gain, compression, and 
transducer frequency before and after the endovascular proce-
dure. To examine the association between the presence of resid-
ual SEC and the incidence of endoleak as simply as possible, we 
used only 2-dimensional imaging, not Doppler, for endoleak 
detection. The entire length of the endograft was scanned for 
detection of various endoleaks.10

Study Outcomes
The primary outcome was the presence of an endoleak at 
the first postoperative follow-up (within a few days after 
the surgery) using contrast-enhanced spiral CT. The sec-
ondary outcome was the presence of a persistent endoleak 
on CT at the 6-month postoperative follow-up. Additional 
postoperative intervention (secondary TEVAR, emboliza-
tion, and open surgery) within 6 months was considered to 
indicate the presence of a persistent endoleak.

Statistical Analysis
Continuous variables are expressed as the mean ± SD and 
were compared using the Mann-Whitney U test. Categorical 
variables are expressed as the number of patients (%) and 
were compared using the χ2 test or the Fisher exact test. All 
reported P values are 2-sided, and the level of statistical sig-
nificance was set at P < .05. Statistical analysis was performed 
using Stat-Flex software (version 6; Artech, Osaka, Japan).

Multivariable logistic regression analysis was used to 
adjust for confounding variables of the association between 
residual SEC and a postoperative endoleak. All variables 
associated with residual SEC at P < .05 and identified by the 
forward selection method were selected for inclusion in a 
logistic regression model.

According to our results, with 60 total patients (20 with 
SEC and 40 with thrombi), and assuming an observed inci-
dence of 12 of 20 (60.0%) endoleaks in the SEC group and 5 of 
40 (12.5%) endoleaks in the thrombus group detected at the 
first postoperative CT examination, we had about 90% power 
at a .05 significance level to detect an odds ratio (OR) of ≥10.5 
and a difference in proportion with endoleaks of ≥0.475.

RESULTS
Seventy-seven patients underwent TEVAR for descending 
thoracic aortic disease during the study period. Patients 
with perioperative death, inadequate TEE records, or 
incomplete follow-up were excluded (Appendix). Nine 
patients assessed as “unobservable” were also excluded 
from the final analysis.

The 60 analyzed patients were divided into 2 groups: the 
SEC group, in which SEC was observed (n = 20), and the 
thrombus group, in which no SEC was observed (n = 40). 
The baseline demographic, preoperative, and intraoperative 
characteristics of the study patients are shown in Table 1.

As shown in Table 2, an endoleak was observed in 28.3% 
of patients on the first postoperative CT (60.0% of patients 
in the SEC group and 12.5% of patients in the thrombus 
group; P < .001). At the 6-month follow-up CT, a persis-
tent endoleak was observed in 15.0% of patients (40.0% of 
patients in the SEC group and 2.5% of patients in the throm-
bus group; P < .001). The diagnostic accuracy of residual 
SEC is shown in Table  2. For example, residual SEC was 
found in 12 of 17 patients who had an endoleak at the first 
postoperative CT, for an estimated sensitivity of 0.71 (95% 
confidence interval [CI], 0.44−0.90).

In the multivariable logistic regression analysis adjusted 
for additional intraoperative balloon expansions, addi-
tional intraoperative endograft placements, and residual 

Figure. Change in the character of 
spontaneous echocardiographic con-
trast (SEC) within the aneurysmal 
sac. A, Short-axis view of a proximal 
descending thoracic aneurysm shows 
SEC outside the endograft but within 
the aneurysmal sac (arrow). B, Short-
axis view of a proximal descending 
thoracic aneurysm at the same level 
as in (A) shows increased echo density 
within the aneurysmal sac, indicating 
thrombus formation (arrow).
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endoleaks detected by intraoperative angiography, the risk 
of postoperative endoleaks was increased by >3.2-fold (OR, 
15.7; 95% CI, 3.2−77.7) and the risk of 6-month postopera-
tive endoleaks was increased by >3.6-fold (OR, 43.8; 95% 
CI, 3.6−534.0) in patients with SEC versus thrombi (Table 3).

DISCUSSION
Patients with residual SEC had a significantly higher inci-
dence of endoleaks within a few days postoperatively and 
at 6 months postoperatively than patients with thrombi. The 

postoperative endoleaks at the first postoperative CT exami-
nation closed spontaneously in 5 of 12 (41.6%) patients in 
the SEC group and in 4 of 5 (80.0%) patients in the throm-
bus group during the first 6 months after surgery. Persistent 
endoleaks are more clinically important than spontaneously 
closing endoleaks. The most important finding of this study 
is that the absence of SEC may identify patients with a very 
low risk of persistent endoleaks at 6 months postoperatively. 
Residual SEC had 0.89 sensitivity and 0.77 specificity for 
detecting a persistent endoleak at 6 months postoperatively. 

Table 2.  Association Between Residual SEC and Postoperative Endoleak

 
SEC 

(N = 20)
Thrombus 
(N = 40) P

Endoleak at first postoperative CT   <.001
 Yes (N = 17)a 12 5  
 No (N = 43) 8 35  
  Sensitivity 0.71 (95% CI, 0.44−0.90)
  Specificity 0.81 (95% CI, 0.67−0.92)
  Positive predictive value 0.60 (95% CI, 0.36−0.81)
  Negative predictive value 0.88 (95% CI, 0.73−0.96)
Persistent endoleak at 6-mo CT   <.001
 Yes (N = 9)b 8c 1d  
 No (N = 51) 12 39  
  Sensitivity 0.89 (95% CI, 0.52−1.00)
  Specificity 0.77 (95% CI, 0.63−0.87)
  Positive predictive value 0.40 (95% CI, 0.19−0.64)
  Negative predictive value 0.98 (95% CI, 0.87−1.00)

Data are expressed as n (%) of patients.
Abbreviations: CI, confidence interval; CT, computed tomography; SEC, spontaneous echocardiographic contrast; TEVAR, thoracic endovascular aortic repair.
aThe numbers of suspected types of endoleaks were as follows: type I, 6; type II, 2; type I or II, 1; type III, 3; type I or III, 1; unclassifiable, 4.
bThe numbers of suspected types of endoleaks were as follows: type I, 4; type II, 1; type I or III, 1; unclassifiable, 3.
cOne patient who required endovascular coiling 3 weeks after surgery for a type II endoleak was included, and then this endoleak was closed. In another patient, 
the endoleak was detected only on the 6-month CT. It was not detected at the time of the first postoperative CT.
dThe patient required secondary TEVAR 2 months after surgery for a type I or III endoleak and aneurysm expansion, and then this endoleak was persistent at 6 
months.

Table 1.  Baseline Demographic and Perioperative Characteristics of Patients

Characteristic
SEC 

(N = 20)
Thrombus 
(N = 40) P

Age (y) 73.3 ± 14.2 70.8 ± 11.9 .26
Female sex 4 (20.0) 10 (25.0) .66
Aortic disease    
 Aneurysm 15 (75.0) 26 (65.0) .43
 Type B aortic dissection 4 (20.0) 13 (32.5) .31
 Trauma 1 (5.0) 1 (2.5) .61
Aneurysm diameter (mm) 52.1 ± 14.4 51.9 ± 12.3 .78
History of previous TEVAR 1 (5.0) 3 (7.5) .71
Emergency surgery 3 (15.0) 7 (17.5) .81
Number of implanted endograft 1.8 ± 0.6 2.0 ± 0.9 .56
Intraoperative additional balloon expansions 9 (45.0) 7 (17.5) .02
Intraoperative additional endograft placements 1 (5.0) 3 (7.5) .71
Residual endoleak detected by intraoperative 

angiography
5 (25.0) 0 .003

Data are expressed as mean ± SD or n (%) of patients.
Abbreviations: SEC, spontaneous echocardiographic contrast; TEVAR, thoracic endovascular aortic repair.

Table 3.  Relationship Between Intraoperative Residual SEC and Postoperative Endoleak in Adjusted Models
 Endoleak at First Postoperative CT Persistent Endoleak at 6-mo CT
 OR 95% CI P OR 95% CI P

Residual SEC 15.7 3.2−77.7 <.001 43.8 3.6−534.0 .003
Intraoperative additional balloon expansions 1.5 0.3−7.0 .60 0.4 0.1−2.7 .35
Intraoperative additional endograft placements 19.9 1.3−300.3 .03 8.4 0.3−261.0 .22
Residual endoleak detected by intraoperative angiography 0.7 0.1–6.0 .71 0.8 0.1−7.6 .82

Abbreviations: CI, confidence interval; CT, computed tomography; OR, odds ratio; SEC, spontaneous echocardiographic contrast.
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The positive predictive value of residual SEC was low in 
the setting of a 15% prevalence of persistent endoleaks. In 
contrast, the negative predictive value of residual SEC was 
extremely high. The prevalence of endoleaks in this study 
(28.3% at the first postoperative CT and 15.0% at the 6-month 
follow-up CT) was comparable with that in a recent review.11 
According to Bayes’ theorem, the positive predictive value 
and negative predictive value in this study are presumed to 
indicate the posterior probability of an endoleak in the pres-
ence of residual SEC and that of no endoleak in the absence 
of residual SEC, respectively. The very high negative pre-
dictive value of residual SEC provides a clinical benefit for 
intraoperative management of patients undergoing TEVAR. 
Persistent endoleaks at 6 months postoperatively rarely 
occurred if no SEC was present within the aneurysmal sac, 
as shown by intraoperative TEE.

This study has several limitations. First, we designed the 
study to assess the possibility of residual SEC or thrombi 
after completing the endovascular procedure. The assess-
ment did not alter the surgical procedure. However, 
this study was a nonrandomized, observational study. 
Therefore, we could not determine whether this intraopera-
tive TEE assessment decreases the incidence of persistent 
endoleaks. Second, the small sample size of this study made 
it difficult to adequately adjust for confounding variables. 
Larger sample sizes would allow for more complete adjust-
ment. Third, color flow Doppler was not used to detect 
endoleaks. Fourth, we did not assess the degree of SEC. The 
endoleaks detected at the first postoperative CT examina-
tion closed spontaneously in 40% of patients in the SEC 
group. The extent of some SECs was small; therefore, they 
may have been more likely to close spontaneously. Graded 
assessment of SEC might be more useful for detecting per-
sistent endoleaks. Further studies are needed to determine 
its potential.

In conclusion, the incidence of persistent endoleaks at 6 
months postoperatively is very low if no SEC is observed on 
intraoperative TEE. This study suggests that confirmation 
of the absence of SEC within the aneurysmal sac by intra-
operative TEE may identify patients with a very low risk of 
persistent endoleaks after TEVAR. E
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