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Abstract 
Objective: The results after aneurysm repair with an endovascular aneurysm 
sealing(EVAS) system is dependent on stability of the aneurysm sac and 
particularly the intraluminal abdominal aortic thrombus(ILT). The postprocedural 
ILT volume is decreased compared with preprocedural ILT volume in aortic 
aneurysm patients treated with EVAS. We hypothesize that ILT is not stable in all 
patients and pressurization of the ILT may result in displacement of fluids from 
the ILT, no differently than serum is displaced from whole blood when it settles. 
To date, the mechanism and quantification of fluid displacement from ILT are 
unknown.  
Methods: The study included 21patients who underwent elective open abdominal 
aortic aneurysm repair. The ILT was harvested as a routine procedure during the 
operation. After excision of a histologic sample of the ILT specimen in four 
patients, ILT volume was measured and the ILT was compressed in a dedicated 
compression setup designed to apply uniform compression of 200mmHg for 
5minutes. After compression, the volumes of the remaining thrombus and the 
displaced fluid were measured. 
Results: The median (interquartile-range) of ILT volume before compression was 
60(66)mL, and a median of 5.7(8.4)mL of fluid was displaced from the ILT after 
compression, resulting in a median thrombus volume decrease of 11%(10%). 
Fluid components can be up to 31% of the entire ILT volume. Histologic 
examination of four ILT specimens showed a reduction of the medial layer of the 
ILT after compression, which was the result of compression of fluid-containing 
canaliculi. 
Conclusion: Applying pressure of 200mmHg to abdominal aortic aneurysm ILT 
resulted in the displacement of fluid, with a large variation among patients. Fluid 
displacement may result in decrease of ILT volume during and after EVAS, which 
might have implications on pre-EVAS volume planning and on stability of the 
endobags during follow-up which may lead to migration, endoleak or both. 
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Introduction 
The long-term success of aneurysm repair with an endovascular aneurysm sealing 
(EVAS) system is dependent on stability of the aneurysm sac and particularly the 
intraluminal abdominal aortic thrombus (ILT). ILT is found in 75% of all abdominal 
aortic aneurysms (AAAs). These ILTs are three-dimensional fibrin structures with 
cholesterol crystals and often consists of luminal, medial, and abluminal layers, 
where the medial layer includes fluid-containing canaliculi. ILTs are inherent 
unstable and may change in consistency over years.1  
In literature, there is no consensus regarding the response of ILT to compressive 
force2-5. In recent publications, the postprocedural ILT volume was decreased in 
patients treated with EVAS.6,7 Boersen et al.6 and Shaikh et al.7 found a significant 
decrease of ILT volume of, respectively, 3.2 mL (95% confidence interval, 2.0 to 
–1.1 mL) and 11 mL (95% confidence interval, 4.7-18.2 mL) after EVAS. Wilson 
et al.8 also noted that there is increasing evidence that ILT in AAAs is biologically 
active and should not be treated as homogeneous inert material. Moreover, 
Truijers et al.5 showed ILT volume changes during the cardiac cycle.  
We hypothesize that pressurization of the ILT results in displacement of fluids 
from the ILT, potentially into lumbar, iliac, or visceral arteries. This study 
quantified fluid displacement from the ILT as a result of uniform compression in a 
nonenclosed environment.   
 

Methods 
 
Patient selection 
The study included consecutive patients who underwent elective open AAA repair 
with an ILT volume >15 mL. Preoperative ILT volume measurements where 
performed with the volume measurement tool of a 3Mensio workstation (3Mensio 
Medical Imaging BV, Bilthoven, The Netherlands).   Investigational review board 
approval was obtained for the Aorta Thrombus Compression Study (Sponge 
Study). Patient’s informed consent was obtained before open repair. ILT was 
harvested as a routine procedure during the operation. The compression model 
was available in the operating theater, and analysis was performed. Patients 
preoperative maximal aneurysm diameter and systolic blood pressure were 
obtained. 
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Figure 6.1 Compression protocol: A, A cross-sectional histologic sample is removed from 
the intraluminal thrombus (ILT). B, ILT volume is measured in a measuring cup. C, ILT is 
placed in the compression setup and (D) compression of 200 mm Hg is applied for 5 
minutes. E, Displaced fluid volume is measured. 

 
Measurement protocol 
The compression protocol is visualized in Figure 6.1A-E. A histologic specimen was 
obtained from the harvested ILT in four patients, and the ILT volume was 
measured by inserting the ILT in a measuring cup filled with 400 mL of 0.9% 
saline solution. Volume increases were determined. The observer made sure to 
read the meniscus from the bottom at eye level, to prevent a parallax error. The 
ILT was inserted in a dedicated compression setup, consisting of a nonenclosed 
box (Figure 6.1C) that contains a presser and a Perspex (Lucite International, 
Lancashire, UK) colander with 120-mm × 4-mm holes. A spring, connected in 
series with the presser, was used to indicate the applied pressure. A pressure of 
200 mm Hg was applied for 5 minutes, and the pressed fluid from the ILT was 
collected with syringes of 5 mL. After compression, the remaining volume of the 
ILT was measured, and a second histologic specimen was obtained from 4 
patients.  
 
Histologic examination 
The histologic thrombus specimens were fixed in 4% neutral-buffered formalin 
directly after harvesting. The specimens were oriented in cross-section transverse 
to the axis of the blood flow in vivo. Specimens were stained with hematoxylin 
and eosin to visualize cells and nuclei, examined under light microscopy, and 
analyzed for the presence of canaliculi. Specimens before and after compression 
were compared.  
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Statistical analysis 
Statistical analysis was performed with SPSS 23 software (IBM Corp, Armonk, 
NY). Because of the relatively low number of aortic thrombi, variables were 
assumed to be non-normally distributed. Data are represented as median and 
interquartile range (IQR). Box-and-whisker plots visualize ILT volumes and 
displaced fluids. Difference between preoperative ILT volume and intraoperative 
ILT volume was analyzed using the Wilcoxon signed ranks test. The associations 
between percentage of fluid displacement and the maximum aneurysm diameter 
and blood pressure were calculated with the Pearson correlation coefficient. P 
values were considered significant with a P<0.05. 

 
 
Results 
 
Patient demographics 
The study included 21 patients (19 men), with a median age of 70 (IQR, 14) years. 
Elective open AAA repairs were performed in 18 patients (86%), and three 
patients (14%) underwent endograft explantation because of a persistent type IA 
endoleak. Preoperative maximum AAA diameter was 64 (IQR, 16) mm. Systolic 
blood pressure was 140 (IQR, 40) mmHg. Open AAA repair was performed 
through a transabdominal incision, with suprarenal or infrarenal clamping. After 
aortotomy, the ILT was removed as complete as possible. Volume analysis and 
compression measurements were performed directly after harvesting.  
 
ILT volume measurements 
Median thrombus volume before compression was 60 (IQR, 66) mL (Figure 6.2). 
Median displaced fluid volume after compression was 5.7 (IQR, 8.4) mL. Minimum 
and maximum displaced fluid volumes were 1 mL and 22 mL, respectively. 
Displaced fluid volumes accounted for 11% (IQR, 10%) of the original thrombus 
volume before compression. Minimum and maximum displaced fluid volumes were 
3.6% and 31.5% of the original thrombus volume, respectively.  Figure 6.3 shows 
the box-and-whisker plot of the dispersion of percentages of displaced fluid 
volume from the thrombi. During compression, two thrombi disintegrated into 
small fragments, and 19 were still intact after compression. Preoperative ILT 
volume was significantly larger than intraoperative ILT volume, with a median of  
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Figure 6.2: Box-and-whisker plots of 21 intraluminal thrombus (ILT) volumes (mL) 
before and after compression. The median and interquartile range (IQR) ILT volumes 
before and after compression were 60 (66) mL and 50 (54) mL, respectively. ILT 5 and 
9 are outliers (circles) with an ILT volume decrease of 197 mL to 145 mL and 220 to 180 
mL, respectively. The horizontal line indicates the median, the top and bottom borders of 
the box indicate the 75th and 25th quartiles, and the whiskers indicate the maximum and 
minimum values (except for the outliers). 

 
98 mL (IQR,127 mL) and 65 mL (IQR, 68 mL), respectively (P=0.001). There was 
no correlation between maximum aneurysm diameter and percentage of fluid 
displacement from the ILT (r= -0.21, P=0.369). There was a significant correlation 
between systolic blood pressure and percentage of fluid displacement from the 
ILT (r= -0.53, P= 0.014) (Figure 6.4). 
 
Histologic examination  
Histologic results of four patients were investigated as a pilot. The fluid-containing 
canaliculi in the medial layer decreased between 50% and 96% when the 
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precompression specimens were compared with the postcompression specimens. 
Figure 6.5A-F shows results of histologic specimens of an ILT before and after 
compression. 
 

Discussion 
 
Current findings show that ILT volume may decrease by applying 200 mm Hg of 
pressure. A pressure around 200 mm Hg is advised in the instructions for use of 
the Nellix endobags (Endologix Inc, Irvine, Calif) when inserting the prefill and 
polymer volume. The average time for curing of the polymer in the endobags is 
around 5 minutes. Therefore, a pressure of 200 mm Hg with a duration of 5 min 
has been selected in the current study. 
This study confirms the phenomenon of fluid displacement from the AAA ILT as a 
result of uniform compression, with a large variation among patients. These 
results align with a previous review by Labruto et al.9 who described a large 
histologic variation in types of thrombi. Not all thrombi are organized; some 
thrombi contain unorganized (ie, fluid) components.  
The review of Wilson et al.8 reported a liquid interface between the degraded and 
soft abluminal layer and the aortic wall. Most ILTs were fluid permeable, 
depending on the size of the ILT.8 These factors imply fluid can be displaced out 
of the thrombi when compressed. 
Pressure-associated decrease in ILT volume does not have consequences in 
patients who undergo conventional open AAA repair or endovascular AAA repair 
(EVAR). Successful EVAR is based on proximal sealing in the aortic neck and both 
common iliac arteries, and no pressure is applied on the ILT in the aneurysm.   
EVAS, however, does have interaction with the ILT because it is based on sealing 
of the entire aneurysm, and the direct contact between the ILT and the endobags 
is substantial.  
To reduce the chance of ILT volume decrease after EVAS, adjustment of the 
procedural EVAS protocol is required. During the procedure, pressure onto the ILT 
should be applied by prefilling the endobags with saline solution and keeping 
pressure at 180 to 220 mm Hg until the pressure stabilizes.  
The pressurization of the endobags may displace fluid from the ILT not only during 
the procedure but also during follow-up. Long-term ILT volume changes were not 
studied. However, one may argue that in some patients ILT changes will be 
delayed when the fluid components has nowhere to go (i.e. must traverse the 
aortic sac wall if lumbars are obstructed)  
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Figure 6.3:  Box-and-whisker plot of the percentage of displaced fluid volume of 21 
intraluminal thrombus (ILT) samples. The median and interquartile range (IQR) 
percentage of displaced fluid was 11% (10%).  ILT 4 is an outlier (circle) with a displaced 
fluid volume of 32% of the original ILT volume before compression. The horizontal line 
indicates the median, the top and bottom borders of the box indicate the 75th and 25th 
quartiles, and the whiskers indicate the maximum and minimum values (except for the 
outlier). 

 
This can lead to a decrease in ILT volume during follow-up that may impair the 
sac-anchoring mechanism of EVAS, potentially impairing the stability of the 
endobags and causing displacement of the stent frames and repressurization of 
the aneurysm sac.  
Compression of the ILT post-EVAS might not be the only reason for ILT volume 
reduction over time. There will be a continuous process of fibrin degradation within 
the ILT. Luminal layers contain erythrocytes and platelets while the medial and 
abluminal layers show more incomplete fibrin organization with more canaliculi.1,10 
When an ILT is eliminated from the bloodstream no new ILT layers are formed at  
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Figure 6.4: Correlation between percentage of displace fluid and systolic blood pressure. 
Pearson correlation coefficient is -0.526 (P=0.014). 

 
 
the luminal site, but degradation may continue. This might be the reason why ILT 
disappears during long-term EVAR follow-up and possibly also post-EVAS. On the  
other hand, studies showed that ILTs>1 cm are deprived of cells in the medial 
and abluminal layers, which may reduce fibrinolysis and stabilize the ILT size.10,11 
Bastos Gonçalves and coworkers.12 found a progressive reduction of ILT in the 
aortic neck post-EVAR, Therefore, outer to outer diameter measurements of the 
aortic neck need to be considered for proper oversizing of an EVAR device. For 
devices without radial force, like Nellix and Ovation (Endologix Inc, Irvine, Calif), 
reduction of the ILT in the aortic neck may result in seal failure since the devices 
cannot adapt to an increase in lumen size over time. However, this study lacks 
information on ILT reduction in the aortic neck after EVAS over time. 
To estimate the fluid component in the ILT, the organized and unorganized 
components of the thrombus should be distinguished with preprocedural imaging. 
Routine computed tomography angiography can estimate the volume of the entire 
ILT, but thrombus layers cannot be identified. Contrary to ultrasound and CT, MRI  
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Figure 6.5: Histologic specimen of an intraluminal thrombus (ILT) before (A-C) and after 
(D-F) compression. ILT volume before compression was 45 mL, and 12.6 mL was displaced 
during compression. A shows the cross-section of the ILT before compression with a 
magnification of 1.25x. B shows the luminal and medial layer and C the abluminal layer of 
the ILT magnified x20. D shows the cross-section of a ILT after compression with a 
magnification of 1.25x. E shows the luminal and medial layer and F the abluminal layer of 
the ILT magnified 20x. The ILT after compression shows fragmentation of the abluminal 
layer (F). 

 
provides good information regarding the structure of the intraluminal thrombus9. 
A study of Motte et al.13 showed that qualitative categorization of intraluminal 
morphology on MRI can be correlated to quantitative measurements of signal-
intensity ratio (SIR) of the thrombus. Zhu et al.14 showed that a high-resolution 
3D black blood MRI sequence can be used for ILT characterization, whereas CTA 
cannot. Nguyen et al.15 determined that high thrombus signal intensity on T1- 
weighted MRI was associated with a substantial AAA growth rate. All these studies 
show that MRI enables structural information of the ILT. ILT with a high SIR on 
T2 weighted MRI may contain more fluid compared with an ILT with low SIR on 
T2 weighted MRI. However, these studies did not investigate the association 
between SIR of the ILTs and fluid displacement.  
Fragmentation of the ILT may increase the risk of thromboembolic complications 
after EVAS.  No visceral thromboembolic complications have been described in the 
recent EVAS literature. Thromboembolic complications in the lower leg are 
minimal and similar to EVAR procedures.  
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Higher systolic blood pressure was associated with lower percentages of fluid 
displacement from the ILT (Fig 3.4). This may suggest that already more fluid is 
pressed out of the ILT during the cardiac cycle in vivo in patients with a higher 
systolic blood pressure compared with a lower systolic blood pressure.  
This study has several limitations. First, the current pressure setup uses a flat 
surface to provide pressure on the ILT. This is different from the uniform pressure 
applied on the ILT in the spherical aneurysm during EVAS. Furthermore, the 
colander surface contained more holes than the lumbar and visceral arteries 
present in aortic aneurysms. This may be of influence on the amount of displaced 
fluid which might be overestimated compared to clinical practice.  
The setup was designed to apply unidirectional force onto the thrombi, therefore 
minimizing the effect of shear on the material. However, because the force is 
applied by a stiff presser, thicker parts of the thrombus may have received more 
pressure than thinner parts, which may result in shear stress applied to certain 
parts of the thrombus, potentially disrupting the thrombus material.  
Second, although the vascular surgeons were instructed to harvest the 
intraluminal thrombus as complete and intact as possible in every patient some 
residual thrombus must have been left. This explains the (sometimes large) 
differences between preoperative ILT volume measurements and intraoperative 
ILT volume measurements. This is not a major issue, because the percentage of 
displaced fluid volume was compared to the volume of the harvested thrombus 
volume, and not to the initial pre procedural thrombus volume. Moreover, 
measurements of the effect of eventual changes in structural integrity of the ILT 
due to harvesting could not be performed. Therefore, the influence of ILT structure 
on the ability to displace liquid elements under pressure have not been studied in 
the current manuscript.  
The exact impact of the extraction of the thrombi and shear stress in the presser 
on the quantity of fluid displacement has not been evaluated in the literature, and 
could not be determined in the current set-up.  Both factors may result in a larger 
amount of fluid that is displaced from the thrombus. Therefore, the results of this 
study cannot be extrapolated 1:1 to clinical practice.   
Third, no data on structural variations in the thrombi was obtained during the 
experiment, nor eventual growth of the thrombi in the years preoperative. There 
may be different structured thrombi, like chronic, fresh, or mural cholesterol laden 
debris, and each may behave differently under the current experimental 
conditions. Only four histologic specimens were examined to illustrate what kind 
of changes will occur within the thrombi before and after compression. This study 

6 



114 
 

did not include investigation of the electrolyte and protein content of the 
supernatant after compression.  
Reproducibility measurements were not performed for preoperative and 
intraoperative ILT volume measurements. However, Boersen et al.6 already found 
good inter-observer variability in preoperative ILT volume measurements on a 
3Mensio workstation.  
Last, the ILTs were under compression for only 5 minutes. These results cannot 
be extrapolated one-to-one to late changes in the ILT during EVAS follow-up.  A 
follow-up on this study in needed to gain information about the kinetics of fluid 
extraction and long-term fluid displacement in an EVAS mimicking environment. 
 

Conclusions 
Applying pressure on AAA ILT results in the displacement of fluid from the ILT, 
with large variation among patients. These fluid components are most likely to 
originate from the canaliculi in the medial layer of the ILT. Fluid displacement may 
result in decrease of thrombus volume during and after EVAS, potentially 
impairing the stability of the endobags and position of the stent frames in the 
abdominal aorta. 
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