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Abstract

Purpose Abdominal aortic aneurysms (AAAs) affect the vascular perfusion of the lumbar spine. The treatment of AAAs
with endovascular aortic aneurysm repair (EVAR) completely occludes the direct vascular supply to the lumbar spine. We
hypothesized that patients with AAA who undergo EVAR show a different pattern of spinal degeneration than individuals
without AAA.

Methods In this retrospective institutional review board-approved study, 100 randomly selected patients with AAA who
underwent EVAR with computed tomography (CT) scans between 2005 and 2017 were compared with age- and gender-
matched controls without AAA. In addition, long-term follow-up CT images (> 6 months before EVAR, at the time of
EVAR, and > 12 months after EVAR) of the patients were analysed to compare the progression of degeneration from before
to after EVAR. Degeneration scores, lumbar levels with the most severe degeneration, and lumbar levels with progressive
degeneration were analysed in all CT images. Fisher’s exact test, Wilcoxon signed-rank test, and Mann—Whitney U test were
performed for statistical analyses.

Results Compared with the control group (n=94), the most severe degeneration was more commonly detected in the mid-
lumbar area in the patient group (n =100, p =0.016), with significantly more endplate erosions being detected in the lumbar
spine (p=0.015). However, EVAR did not result in significant additional acceleration of the degenerative process in the
long-term follow-up analysis (n=51).

Conclusion AAA is associated with atypical, more cranially located spinal degradation, particularly in the mid-lumbar seg-
ments; however, EVAR does not seem to additionally accelerate the degenerative process. This observation underlines the
importance of disc and endplate vascularization in the pathomechanism of spinal degeneration.

Level of evidence | Diagnostic: individual cross-sectional studies with consistently applied reference standard and blinding.

Keywords Spine - Degeneration - Aortic abdominal aneurysm - AAA - EVAR - Endovascular aortic repair

Introduction

Low back pain is a leading cause of healthcare costs world-
wide [1]. The prevalence of low back pain is between 5 and
65% [1], with degenerative changes being the most impor-
tant aetiological factor. However, the mechanism of spinal
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within the disc or at the endplates remains unknown. In addi-
tion, the number of identified contributors to spinal degen-
eration remains unclear. For centuries, it was believed that
spine degeneration is initiated at the intervertebral disc due
to its lack of vascularization and innervation (the inside—out
theory). More recently, the endplates [9, 10] are being con-
sidered the initial spot of degeneration. However, both the-
ories are possible. In the case of trauma or heavy lifting,
disc deterioration and degeneration might begin within the
nucleus (inside—out). In contrast, with decreased vascular
nutrition of the disc, e.g., in patients with a smoking history
or diabetes, the degenerative process may begin from the
endplates, which are rich in blood vessels (outside—in) [11].

Usually, four pairs of lumbar arteries arise from the aorta
and supply the first four lumbar vertebrae and discs via the
endplates, which are well vascularized. The fifth lumbar
segment is supplied by more variable vessels, such as a
fifth lumbar artery pair and sacral and iliolumbar branches
[12—-14]. An extensive collateral network connects the para-
vertebral vessels [14].

So far, the vascular supply to the lumbar spine has not
been occluded in any experimental study in order to observe
the extent of its contribution to the degenerative process.
However, such a phenomenon has been found to occur
in patients with abdominal aortic aneurysms (AAAs). In
AAAs, some lumbar arteries are located within the aneu-
rysm wall; therefore, the vascular supply to the lumbar spine
is decreased. AAAs are often treated with endovascular aor-
tic aneurysm repair (EVAR) [15, 16], with the proximal end
of the prosthesis being infrarenal or juxtarenal and the distal
end being located within the common iliac arteries, thereby
resulting in immediate occlusion of the first to fifth lumbar
arteries at the origin [17, 18].

We hypothesized that AAA and/or EVAR alters the pat-
tern and speed of lumbar spine degeneration. Therefore, the
present retrospective study aimed to assess the degenera-
tive changes in the lumbar spine in patients with AAA in
comparison with those in controls without AAA. Over the
long-term course, the degenerative changes in patients with
AAA were also assessed before and after EVAR.

Materials and methods

The present study received ethical committee approval.
Definition of groups and patient recruitment
Case—control groups

Reports of all patients older than 18 years who underwent

EVAR for AAAs between January 2005 and December 2017
were retrospectively reviewed.

All patients above 18 years undergoing
an interventional radiology procedure
between January 2005 and December
2015 (n=20228)

No EVAR of an AAA (n=19546)

No CT >6 months prior, at the time
» of and >12 months after EVAR |+
(n=627)

Prior surgery of the lumbar spine
(n=4)

\ 4

Eligible study cohort for logitudinal
analysis (n=51)

!

Randomly selected
patients with CT at the
[¢— time of EVAR / without [«
prior surgery of the
lumbar spine (n=49)

Eligible study cohort for case-control
analysis (n=100)

Fig. 1 Study flow diagram

In total, 100 randomly selected patients who underwent
an abdominal computed tomography (CT) scan at the time
of EVAR and did not undergo any lumbar spine surgery were
included in the patient group (Fig. 1).

The control group consisted of randomly selected
patients, who underwent an abdominal CT scan between
2005 and 2018 while being hospitalized for undergoing
orthopaedic surgery and were age and gender matched with
the patient group. The exclusion criteria included prior lum-
bar spine surgery and known AAA.

Age and gender matching were performed to reduce
biases.

Long-term follow-up analysis before and after EVAR

All the included patients underwent abdominal CT scans at
the following timepoints: > 6 months before EVAR, at the
time of EVAR, and > 12 months after EVAR. Patients who
underwent lumbar spine surgery were not included in the
study. Imaging studies were performed with a similar inter-
val between the time of the preceding imaging (> 6 months
prior) and EVAR (time interval 1) and between the time
of EVAR and the follow-up CT (time interval 2) for every
patient (Fig. 1).

The study design and the definition of the groups are
summarized in Fig. 2.
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Case- control analysis (n=100)

Comparing degeneration at the different lumbar levels

L

Patients with

lumbar spine CT at the time of EVAR

Controls with lumbar spine CT
(age and gender matched)

Longitudinal analysis (n=51)

Comparing progression of

degeneration

from interval 1 to interval 2

r

1

Interval 1 (control period) Interval 2
[ | I |
Lumbar spine CT >6mt | Lumbar spine CT at the time of EVAR || Lumbar spine CT > 12mt
before EVAR after EVAR

Fig.2 Study design and groups

CT protocol

The CT protocol for the patients with AAA consisted
of contrast-enhanced thoracoabdominal or abdomi-
nal CT scans using a 64- or 128-slice multidetector CT
(MDCT) scanner. However, as the inclusion period was
from 2005 until 2017, different Siemens scanners were
used as follows: the Sensation 64 (11/2004-9/2006),
the Definition (09/2006-03/2008), the Definition AS
(03/2008-05/2009), and afterwards the Definition Flash
dual-source 128-slice scanner. Therefore, the protocols
might vary slightly.

The CT images of the control group were acquired axially
using a 64-MDCT scanner (Brilliance CT, Philips Health-
care). As with the cases, the inclusion period was more than
10 years, and there may be some differences in scanners and
protocols.

For the lumbar spine analysis in both the cases and the
controls, reformatted sagittal images with a dedicated bone
kernel and 2 mm slice thickness were used. The slice inter-
val was equal to or smaller than the slice thickness.

Image analysis

All study data were collected and managed using the
research electronic data capture (REDCap) tools [19]. All
images were reviewed using a picture archiving and com-
munication system (PACS) workstation (Agfa-Gevaert, or
Merlin Diagnostic Workcenter, Phonix-PACS).

One radiologist, with more than 10 years’ experience
in radiology and over 5 years’ dedicated musculoskeletal
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radiology experience, analysed the CT images to detect the
lumbar spine level with the most severe degeneration (Th12/
L1, L1/2, L2/3, L3/4, L4/5, and L5/S1); if similar severe
degeneration on several lumbar levels was found, more than
one level was noted. The reader also graded the degenera-
tion of the lumbar spine at every lumbar level, assessing the
following: disc height (1 =normal, 2 =slightly decreased,
3 =moderately decreased, and 4 =severely decreased,
according to a modified Pfirrmann Classification [20]);
disc protrusion (none, small, or severe); endplate erosion
according to a modified endplate score (EPS) (1 =no ero-
sion, 2 =thinned endplates but no erosion, 3 =small focal
defects, 4 =erosion up to 25% of the vertebral endplate
width, 5=erosion up to 50% of the vertebral endplate width,
and 6 =complete endplate damage [21] -Fig. 3); sclerotic
endplate changes according to Modic type 3 changes [22];
presence of spondylophytes (yes/no); and modified segmen-
tal degeneration grade (grades 1-3 [10]); see Table 1). The
presence and type of lumbosacral transitional vertebrae were
documented, as these can be associated with higher up lum-
bar spine level degeneration [23, 24]. Further, the lumbar
spine level and the size and expansion of the AAA were
documented and measured.

In the analysis of the long-term follow-up, the lumbar
spine levels that showed degeneration progression in time
intervals 1 or 2 were documented (Th12/L1, L1/2, L2/3,
L3/4,1L4/5, and L5/S1). If an endoleak was present, its type
and lumbar level were documented (types 1-4 [25, 26]).

A second reader, a radiology resident (fourth year of
training), also graded the lumbar level of the most severe
degeneration of the lumbar spine (Th12/L1, L1/2, L2/3,
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Fig.3 The modified endplate Endplate Endplate
score that was used to grade score 1 score 2
endplate erosions on CT
images, initially described by
Rajasekaran et al. on MRI [21]
Normal Thinned
endplate endplates,
but no
erosions

Endplate Endplate Endplate Endplate
score 3 score 4 score 5 score 6
Small focal  Endplate Endplate Complete
endplate erosions up  erosions > endplate
defects to 25% of 25% until up destruction
the to 50% of (>50% of
endplate the the
width endplate endplate
width width)

5
-3

Table 1 Modified segmental degeneration grade using sagittal CT images

Disc degeneration

Endplate Erosions

Sclerotic endplate changes (Modic type 3)

Grad 1 Disc height normal

Grade 2 Disc height slightly to moderate
decreased

Grade 3 Disc height severe decreased

None or small

Up to 50% of endplate dimension
(e.g. EPS 4,5)

>50% (e.g. EPS 6)

None
Few <50% extension along the endplate

> 50% extension along the endplate

L3/4,1.4/5, and L5/S1) and noted the lumbar spine level of
degeneration progression in the long-term follow-up CTs,
if present.

The same analysis was performed for the control group,
except for the long-term degeneration progression analysis.

Statistical analysis

The statistical analysis was performed using SPSS (Version
25, IBM Corporation), PRISM (Version 8, GraphPad soft-
ware), and MATLAB (2019a, The MathWorks, Inc.). The
numeric parameters are reported as medians and ranges,
and categorical data are reported as absolute and relative
frequencies.

To compare the overall tendency of the distribution of the
affected vertebral levels between the controls and the cases
(at the time of the EVAR procedure), an exact Mann—Whit-
ney U test was employed.

To compare the degeneration progression over time, from
before and after the EVAR (time interval 1 in comparison to
time interval 2), a Wilcoxon matched-pairs signed-rank test
was used. Fisher’s exact test was used to compare a potential
association of degeneration progression with the presence
of an endoleak.

The inter-reader agreement was tested using kappa sta-
tistics, with a kappa <0 meaning no agreement, a kappa of

0.41-0.6 moderate agreement, a kappa of 0.61-0.8 substan-
tial agreement, and a kappa > 0.81 almost perfect agreement,
according to Landis and Koch [27].

A p value of <0.05 was considered to be indicative of a
statistically significant difference.

Results
Study population and groups:

Case—control group analysis: The eligible study cohort for
the case—control analysis comprised 100 patients (Fig. 1).

Long-term follow-up analysis (before and after EVAR
analysis): A total of 51 patients fulfilled the inclusion and
exclusion criteria out of 682 patients undergoing EVAR for
an AAA between 2005 and 2017 (Fig. 1).

Cases (with AAA) vs. controls (without AAA) analysis

The patient demographics of the case group (n=100) prior
to EVAR and the age- and sex-matched control group (with-
out AAA, n=94) are summarized in Table 2. Six subjects in
the control group were excluded secondarily because of an
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Table 2 Demographical data of
the case and control group

Case group (at time of Control group (n=94) P value
EVAR) n=100
Age lyears| 71.79+8.0 70.48+9.17 0.29*
Sex (male/female) 92/8 83/11 0.47*
Abdominal aorta diameter [cm] 5.6 [4—10.5] 2.0[1.5-2.8]
median, range
LSTV Type 2 or higher (yes/no) 29/71 19/75 0.16*

“compared to the control group to at time of EVAR

EVAR, endovascular aortic repair; LSTV, lumbosacral transitional vertebra

post-EVAR

Group

2 EVvAR-
E

pre-EVAR -

ThI2IL1 L2 L2/3 L34 L4/5 L5/S1
Level

Fig.4 Simple histogram: Distribution of the lumbar level of the most
severe degeneration showing the controls and cases at different fol-
low-up times. The cases show an additional peak at the lumbar level
L3/4 at all time points compared to the controls

incidentally detected AAA (aorta diameter >3 cm) during
the image analysis.

There was a significant difference in the occurrence of
the most severe degeneration at the mid-lumbar level(s) in
the cases at the time of EVAR compared to the controls
(p=0.016; Fig. 4).

The endplate erosions and the endplate scores summed
over all vertebral levels were higher in the case group at
the time of EVAR compared to the control group (p =0.015
and p=0.04, respectively; Table 3 and Fig. 5) with more
endplate erosions at all lumbar levels (Table 4). In contrast,
decreased disc height and protrusion were more often found
at a higher lumbar level (Th12/L.1-L3/L4) in the case group
(Table 4). However, they were not significantly different
summed over all vertebral levels (p=0.691 and p=0.668,
Table 3).

Long-term follow-up analysis for spine
degeneration: pre- and post-EVAR comparison

Fifty-one patients (46 male; mean age +SD =68.15+8.6)
were eligible for long-term analysis of lumbar spine degen-
eration. The time intervals between prior CT until EVAR
(time interval 1) and between EVAR and follow-up CT
(time interval 2) were similar (median [range] 1.89 years
[0.56-6.13] vs. 1.57 years [0.94-5.76], p=0.3).

There was no significant difference in lumbar spine
degeneration progression frequency before and after EVAR
(Table 5).

After EVAR, an endoleak type 1 was documented in one
patient and an endoleak type 2 in 14 patients. However,

Table 3 Comparison of the degeneration parameters over all levels (sum of scores over all levels) between controls and cases at time of EVAR

p value

Control Cases at time of EVAR

Median Minimum Maximum Median Minimum Maximum
Disc height 3 0 14 3 0 16 0.691
Disc protrusion 2 0 8 2 0 8 0.668
Endplate erosion 1 0 6 2 0 0.015
Endplate score 4 0 20 5 0 28 0.040
Modic changes Type 3 1 0 6 1 0 6 0.710
Spondylophytes 4 0 6 4 0 6 0.680
Segmental degeneration grade 3 0 9 3 0 11 0.273

EVAR, endovascular aortic repair
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Fig.5 Lumbar spine CTs in a 78-year-old man without a and two
patients with abdominal aortic aneurysm (AAA): b 63-year-old man;
¢: 64-year-old man, showing the most severe degeneration a at L5/S1,

progression of disc degeneration after EVAR was not asso-
ciated with the presence or absence of an endoleak type 2
(n=14 vs.n=37,p=0.42).

Inter-reader agreement

The inter-reader agreement for the lumbar spine level
of the most severe degeneration and the overall levels of
degeneration progression of the case group was substantial
(kappa 0.75; 95% CI 0.71-0.79) and moderate (kappa 0.60),
respectively. Likewise, the inter-reader agreement for the
lumbar spine level of the most severe degeneration in the
control group was moderate, with a kappa of 0.60 (95% CI
0.52-0.68).

Discussion

In this study, we investigated the natural history of degenera-
tive changes of the lumbar spine in patients with AAA com-
pared to controls without AAA and the degenerative changes
before and after EVAR in the same patient to investigate the
impact of vascularization on the degeneration process.
This is the first study to report that devascularization
(caused by AAA and EVAR) results in an atypical pattern
of spinal degeneration when compared to controls without
AAA. Further, it is the first report that vascular impairment
to the lumbar spine could result in more pronounced end-
plate erosions. These erosions play a relevant role in low
back pain [28] and are potentially the cause of further disc

b at L5/S1 and L3/4, and ¢ at L3/4 only. Further, note the prominent
endplate erosions (arrows) in the patients with AAA b and ¢

degeneration [10, 28-30]. The endplates consist of semi-
porous thickened cancellous bone and thin hyaline cartilage
type 2 layers, and they are rich in vessels and nerves, sup-
plying the intervertebral disc, where no vessels and nerves
are present [9, 28]. Therefore, vascular impairment to the
lumbar spine may lead to endplate erosions followed by fur-
ther degeneration of the disc, as also observed in previous
studies [29].

One important finding in this study is that the localization
of degenerative changes differs between individuals with and
without AAA. It is well known that arteriosclerosis [4] and
smoking affect disc degeneration, and Battie et al. reported
that smoking affects degeneration of the entire lumbar spine
[6]. The severest degeneration in our study was most often
observed at the mid-lumbar areas in patients with AAA,
while in patients without AAA, the lower lumbar segments
were most commonly the severest affected, concordant with
previous descriptions [23, 31, 32]. One explanation might
be the precise localization of the AAA. In more than 90%
of cases, the aneurysm is located below the renal arteries
(at lumbar level L2) [17, 33], and its maximal diameter is
at lumbar level L3/4. Therefore, the mid-lumbar arteries are
likely affected first, as they will be occluded by the aneu-
rysm. In the EVAR procedure, all four pairs of lumbar arter-
ies are over-stented and thereby occluded, which also leads
to a diminished blood supply at most in the middle region
(the watershed zone).

We observed atypical location of degeneration in the
patients with AAA; however, the degeneration grades com-
pared between the patients with AAA and those without
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Table 4 Degeneration assessments per level of controls versus cases at time of EVAR

Controls (n=94)

Cases at time of EVAR (n=100)

Count Column N (%) Count Column N (%)
Th12/L1 Disc height Normal 86 91.5 85 85.0
Slightly decreased 5 5.3 11 11.0
Intermediately decreased 1 1.1 4 4.0
Severely decreased 2 2.1 0 0.0
Disc protrusion None 89 94.7 89 89.0
Some 5 53 11 11.0
Severe 0 0 0
Endplate erosion None 81 86.2 75 75.0
Present 13 13.8 25 25.0
Endplate score 1 80 85.1 75 75.0
2 0 0 0 0
3 7 74 7 7.0
4 6 6.4 15 15.0
5 1 1.1 3 3.0
6 0 0 0 0
Modic change Type 3 None 89 94.7 91 91.0
Present 5 53 9 9.0
Spondylophyts None 55 58.5 56 56.0
Present 39 41.5 44 44.0
Segmental degeneration 1 79 84.0 72 75.8
Grade 2 15 160 23 242
3 0 0 0 0
L172 Disc height Normal 75 79.8 72 72.0
Slightly decreased 14 14.9 19 19.0
lintermediately decreased 3 32 6 6.0
Severely decreased 2 2.1 3 3.0
Disc protrusion None 80 85.1 74 74.0
Some 14 14.9 26 26.0
Severe 0 0 0 0
Endplate erosion None 73 77.7 69 69.0
Present 21 223 31 31.0
Endplate score 1 71 76.3 69 69.0
2 0 0 0 0
3 6 6.5 14 14.0
4 12 12.9 11 11.0
5 3 32 3 3.0
6 1 1.1 3 3.0
Modic change type 3 None 79 84.0 86 86.0
Present 15 16.0 14 14.0
Spondylophyts None 36 38.3 38 38.0
Present 58 61.7 62 62.0
Segmental degeneration 1 70 74.5 63 63.6
grade 2 22 234 31 31.3
3 2 2.1 5 5.1
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Table 4 (continued)
Controls (n=94) Cases at time of EVAR (n=100)
Count Column N (%) Count Column N (%)
L2/3 Disc height Normal 60 63.8 56 56.0
Slightly decreased 26 27.7 27 27.0
Intermediately decreased 6 6.4 9 9.0
Severely decreased 2 2.1 8 8.0
Disc protrusion None 62 66.0 57 57.6
Some 31 33.0 37 37.4
Severe 1 1.1 5 5.1
Endplate erosion None 66 70.2 67 67.0
Present 28 29.8 33 33.0
Endplate score 1 66 70.2 67 67.0
2 0 0 0 0
3 9 9.6 9 9.0
4 12 12.8 10 10.0
5 5 53 10 10.0
6 2 2.1 4 4.0
Modic change Type 3 None 76 80.9 80 80.0
Present 18 19.1 20 20.0
Spondylophyts None 29 30.9 35 35.0
Present 65 69.1 65 65.0
Segmental segeneration 1 63 67.0 56 56.0
seore 2 28 298 31 310
3 3 32 13 13.0
L3/4 Disc height Normal 52 553 40 40.0
Slightly decreased 27 28.7 44 44.0
Intermediately decreased 11 11.7 10 10.0
Severely decreased 4 4.3 6 6.0
Disc protrusion None 54 57.4 44 44.0
Some 37 394 52 52.0
Severe 3 32 4 4.0
Endplate erosion None 68 72.3 61 61.0
Present 26 27.7 39 39.0
Endplate score 1 68 72.3 59 59.0
2 0 0.0 2 2.0
3 11 11.7 18 18.0
4 4 43 10 10.0
5 6 6.4 6 6.0
6 5 53 5 5.0
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Table 4 (continued)

Controls (n=94)

Cases at time of EVAR (n=100)

Count Column N (%) Count Column N (%)
Modic change Type 3 None 72 76.6 78 78.0
Present 22 234 22 22.0
Spondylophyts None 23 24.5 26 26.0
Present 71 75.5 74 74.0
Segmental degeneration 1 54 574 44 44.0
grade 2 34 362 49 49.0
3 6 6.4 7 7.0
L4/5 Disc height Normal 23 24.5 48 48.0
Slightly decreased 49 52.1 36 36.0
Intermediately decreased 16 17.0 7 7.0
Severely decreased 6 6.4 9 9.0
Disc protrusion None 23 24.5 49 49.0
Some 64 68.1 48 48.0
Severe 7 7.4 3 3.0
Endplate erosion None 66 70.2 68 68.0
Present 28 29.8 32 32.0
Endplate score 1 66 70.2 67 67.0
2 0 0.0 1 1.0
3 3 32 11 11.0
4 10 10.6 8 8.0
5 8 8.5 6 6.0
6 7 74 7 7.0
Modic change Type 3 None 72 76.6 71 77.0
Present 22 234 23 23.0
Spondylophyts None 26 27.7 41 41.0
Present 68 72.3 59 59.0
Segmental degeneration 1 30 319 54 54.0
grade 2 56 59.6 32 320
3 8 8.5 14 14.0
L5/S1 Disc height Normal 25 26.6 39 39.0
Slightly decreased 30 31.9 24 24.0
Intermediately decreased 25 26.6 22 22.0
Severely decreased 14 14.9 15 15.0
Disc protrusion None 28 29.8 38 38.4
Some 51 54.3 56 56.6
Severe 15 16.0 5 5.1
Endplate erosion None 71 75.5 57 57.0
Present 23 245 43 43.0
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Table 4 (continued)
Controls (n=94) Cases at time of EVAR (n=100)
Count Column N (%) Count Column N (%)
Endplate score 1 71 75.5 55 55.6
2 0 0 0 0
3 5 53 21 21.2
4 4 43 9.1
5 8 8.5 7.1
6 6 6.4 7 7.1
Modic change Type 3 None 61 64.9 62 62.0
Present 33 35.1 38 38.0
Spondylophyts None 34 36.2 36 36.0
present 60 63.8 64 64.0
Segmental degeneration 1 35 37.2 38 38.0
grade 2 44 46.8 42 42.0
3 15 16.0 20 20.0

EVAR, endovascular aortic repair

were not significantly different, apart from the more com-
monly observed endplate erosions and a higher endplate
score (Table 3).

Although endplate erosions were significantly more pre-
sent overall in the lumbar spine in the patients with AAA
compared to those without, we also observed a relatively
high number of endplate erosions also within the control
group. This could be due to the age- and sex-matched
design, which created a control group with a predominance
of elderly males and a higher likelihood of arteriosclerosis,
introducing suboptimal vascularization. The aortic dimen-
sions of our control group were therefore also higher than
in a normal, healthy, young control group. Also, patients
with diabetes and severe arteriosclerosis were not excluded,
as it would not be possible to have an absolutely healthy
control group at this age. We believe, however, that the con-
trol group needed to be age- and sex matched, as we aimed

Table 5 Progression of degeneration longitudinally prior and after EVAR

to observe the effect of AAA as a model of relevant local
devascularization. Further, our findings are in agreement
with Wang et al., who also observed more endplate erosions
with greater age, particularly in the lower lumbar region
[34]. Regardless of the relatively high number of endplate
erosions within the control group, the overall number of ero-
sions was still significantly different between the case and
the control groups.

We did not find accelerated lumbar spine degeneration
after EVAR of AAA. This finding is consistent with a previ-
ous report that sudden occlusion of lumbar arteries due to
open surgical repair of AAA did not lead to the development
of low back pain or lumbar disc degeneration [35]. A possi-
ble explanation could be that the lumbar spine is supplied by
a broad collateral system, which might be more pronounced
in patients with AAA. The impact of the sudden occlusion of
lumbar arteries without a marked collateral system remains

Degeneration progression Initial CT (> 6 months Degeneration progression At time of EVAR p value

prior EVAR) to EVAR to> 1 year after EVAR

No Yes No Yes

Count Row N (%) Count Row N (%) Count Row N (%) Count Row N (%)

Level Th12/L1 51 100.0 0 0.0 51 100.0 0 0.0 1

L1/2 50 98 1 2 49 96 2 4 >0.99
L2/3 47 92 4 8 47 92 4 8 >0.99
L3/4 49 96 2 4 48 94 3 6 >0.99
L4/5 49 96 2 4 50 98 1 2 >0.99
L5/S1 49 96 2 4 51 100 0 0 >0.99
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unclear. Further, we tested if there was a difference between
patients who had an endoleak after EVAR and those who did
not. The reason was that in patients with an endoleak type 2,
the degeneration progression could be diminished because of
a possibly more pronounced collateral blood supply network.
However, we did not find a significant difference between
the patients with and without a type 2 endoleak. However,
this may be because of an insufficient sample size of patients
with a type 2 endoleak (n=14).

Our study has the limitation that the degeneration scor-
ing was performed on CT images. No magnetic resonance
images were available for most of the patients who under-
went EVAR. However, lumbar spine degeneration can be
assessed using CT, as it is routinely performed in daily clini-
cal work [36-38]. Because of the retrospective study design,
it was not possible to include all the variables reported to
be associated with lumbar spine degeneration, such as
weight, diabetes, and history of smoking, in the matching
process, which led to confounding. However, the relatively
high number of degenerative lumbar spine changes in the
control group suggests a similar distribution of these vari-
ables among the case and control groups. Moreover, the low
number of female cases (n=9/100) leads to a certain bias
in our analysis and limits the generalizability of our results.

Conclusions

In conclusion, our study shows that degenerative changes
of the lumbar spine are different between individuals with
and without AAA: in patients with AAA, the localization of
degenerative changes is more at cranial lumbar levels, and
more vertebral endplate erosions are detected compared to
controls. EVAR does not seem to accelerate degeneration,
at least in intermediate long-term follow-up.
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