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ABSTRACT

Background

Sarcopenia is identified as a predictive factor for adverse outcomes after complex
endovascular aortic repair (complex EVAR). Consensus on preferred parameters for
sarcopenia has not yet been reached. The current study compares three CT-assessed
parameters for their association with adverse outcomes after complex EVAR.

Methods

This was a single-center retrospective cohort study. Psoas muscle index (PMI), skeletal
muscle index (SMI), and lean psoas muscle area (LPMA) were examined by CT-
segmentation. PMI, SMI, and LPMA were analyzed as continuous variables. In addition,
cut-off values from previous research were used to diagnose patients as sarcopenic
or non-sarcopenic. Outcomes were: all-cause mortality, Major Adverse Events (MAE),
length of hospital stay, and non-home discharge. A sub-analysis was made for severely
sarcopenic patients; sarcopenia based on any of the parameters, combined with low
physical performance (based on gait speed, Timed Up and Go test, and/or Metabolic
Equivalent of Task-score).

Results

We included 101 patients. A higher PMI (HR:0.590, CI:0.374-0.930, p=0.023), SMI
(HR:0.453, CI:0.267-0.768, p=0.003), and LPMA (HR:0.559, Cl:0.333-0.944, p=0.029)
were associated with a lower risk of mortality. Being identified as sarcopenic based on
cut-off values for PMl and LPMA was not significantly associated with survival. Sarcopenia
based on SMI did present a higher mortality risk (p=0.017). A sub-analysis showed that
severely sarcopenic patients were at even higher risk of mortality (p=0.036). None of the
parameters were significantly associated with the other outcomes.

Conclusion

SMI had a slightly stronger association with mortality compared to PMI and LPMA. High-
risk patients were selected by adding physical performance scores. Future research could
focus on complex EVAR-specific PMI and LPMA cut-off values.



BACKGROUND

Complex endovascular aortic repair (complex EVAR), including fenestrated EVAR (FEVAR)
and branched EVAR (BEVAR), provides a less invasive treatment option compared to
open repair for patients with juxtarenal and suprarenal aortic aneurysms."? Although
complex EVAR provides better early postoperative outcomes compared to open repair,
itis an extensive surgical procedure with considerable morbidity and mortality.** This
necessitates evidence-based patient risk assessment and selection. A systematic review
on risk factors for mortality after aortic aneurysm repair, including FEVAR, defined
oxygen-dependent chronic obstructive pulmonary disease (COPD) and dialysis as the
greatest risk factors. In addition, female gender, diabetes, age, and ASA-score were
negatively associated with survival.®

In other surgical fields, especially oncologic surgery, sarcopenia has been established as
a predictive factor for adverse outcomes.”® According to the European Working Group
on Sarcopeniain Older People (EWGSOP), sarcopenia is defined as a progressive skeletal
muscle disease. It is of multifactorial cause; age, malnutrition, physical inactivity, and
systemic disease can play a role, among other factors. Sarcopenia is suspected when a
patient has low muscle strength and is confirmed by low muscle quantity or quality. Itis
considered severe if combined with low physical performance.'° For muscle quantity,
CT-assessed muscle area is an often-used parameter."> However, definitive consensus
on the preferred method and cut-off points is not yet reached.”

Recently, studies have focused on sarcopenia in complex EVAR patients and have
shown that sarcopenia based on CT-assessed low psoas muscle mass is a predictor for
adverse outcomes."” Due to time-effectiveness, psoas muscle area is often used to
identify muscle quantity. However, measuring whole skeletal muscle area (SMA) at the
level of lumbar 3 has been proposed as a more accurate method.'®° The current study
reports on sarcopenia in complex EVAR patients by using three parameters based on
CT-assessed psoas muscle, as well as total skeletal muscle. Our aim is to compare the
different parameters on their association with adverse outcomes, and to identify whether
CT-assessed sarcopenia combined with physical performance scores can assess the
highest-risk complex EVAR patients. Not only could it serve as a tool for patient selection,
it could also provide a target for prehabilitation, as sarcopenia is partially modifiable.?

METHODS

Patient inclusion and data collection

All patients that underwent complex EVAR between July 2013 and June 2022 in the Leiden
University Medical Center (LUMC) were consecutively included based on their date of
surgery. Complex EVAR included FEVAR, BEVAR, and branched or fenestrated arch-
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EVAR. A decision to treat is usually made when the aneurysm reaches a diameter of 6
cm. Data on patient characteristics and complications during follow-up were subtracted
from patients’ medical records and entered into a computerized secure database. A
certificate of no objection was issued by the LUMC Medical Ethics Committee (METC),
asis required in our institution (registration number: 2022-034, July 5,2022). Due to the
merely retrospective character of our study and the fact that there was no interference
in the standard care pathway, explicit patient consent was not obtained.

Identifying sarcopenia

All patients routinely underwent a preoperative CT-scan. A cross-sectional slice of 5
mm thickness at the level of L3 was identified and examined in the arterial contrast-
phase. A slice was selected on which the lateral tips of both transverse processes were
visible. If multiple slices at L3 met this criterion, the most cranial one was used. Slices
were analyzed using SliceOmatic (Tomovision, Montreal, QC, Canada); a software tool,
clinically available and widely used for this purpose.?>? Muscle (including m. rectus
abdominis, m. obliquus internus and externus, m. transversus, m. psoas major and minor,
m. erector spinae, and m. quadratus lumborum) was identified by using a Hounsfield
unit threshold of -29 to +150 (figure 1).%*?° Based on visual evaluation of the segmented
contours, adjustments were made if necessary. For each scan, segmentation time was
registered (seconds).

Figure 1: Example of a segmented scan at L3 for total skeletal muscle area.

Because muscle area is related to total body muscle mass, SMA and PMA were corrected
for height into the Skeletal Muscle Index (SMI) and Psoas Muscle Index (PMI, cm?/m?).
LPMA (cm?xHU) was calculated as (PMA right + PMA left) / 2) x mean psoas muscle density
(HU). Definitive consensus on cut-off values for sarcopenia is not yet reached. In order to
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place ourresults in existing literature, the values used in this paper are based on previous
research. SMl values were 52.4 cm?/m? for men and 38.5 cm?/m? for women.* For PMI,
these values were 5.40 cm?/m? and 3.56 cm?/m? for men and women respectively.”” For
LPMA, sarcopenia was considered present if LPMA was <350 cm?xHU."

Outcomes of interest

Baseline patient characteristics were: demographics, comorbidities, American Society
of Anesthesiologists (ASA)-score, body mass index (BMI, kg/m?), procedure complexity,
PMI, SMI, and LPMA. It was assessed whether the presence of sarcopenia based on
PMI, SMI, and LPMA was associated with adverse outcomes. These parameters were
also analyzed as continuous variables. The primary outcome was all-cause mortality.
Secondary outcomes were: increased length of hospital stay, discharge to a rehabilitation
center, and Major Adverse Events (MAE). MAE were defined as complications with a
Clavien-Dindo score of 23. This included all complications needing a (minor or major)
radiological, surgical, or laparoscopic intervention, as well as organ failure leading to
ICU admission (including spinal ischemia), and death.?

As of 2017, complex EVAR patients were routinely referred for preoperative geriatric,
physiotherapeutic, and dietetic screening. Timed Up and Go-test (TUG) and gait speed
were performed. Metabolic Equivalent of Task-score was assessed during preoperative
anesthetic screening.?® A sub-analysis for the primary outcome and MAE was made for
severely sarcopenic patients. This was considered to be the case if a sarcopenic patient
(based on either PMI, SMI, or LPMA) had a low physical performance based on low MET-
score (1-4), slow gait speed (0.8 m/s), and/or high TUG-score (220 sec).30-3110

Statistics

To compare baseline characteristics, patients were divided into six groups: patients
with and without sarcopenia based on PMI (group Ta and 1b), patients with and without
sarcopenia based on SMI (group 2a and 2b), and patients with and without sarcopenia
based on LPMA (group 3a and 3b). Categorical patient characteristics were expressed
by number of patients and percentages. Continuous variables were tested for normal
distribution using histograms, Q-Q plots, and the Shapiro-Wilk test. Normally distributed
data were expressed as mean with the standard deviation (SD). Median with the
interquartile range (Q1-Q3) was used in case of skewed distribution. GroupsTavs. 1b, 2a
vs. 2b, and 3a vs. 3b were compared on baseline characteristics using the independent
t-test for continuous normally distributed data, chi-square test for categorical data, and
the Mann-Whitney U-test for skewed data. When less than 5 events occurred, the Fisher’s
exact test was used instead of chi-square.

All-cause mortality in group 1a vs. group 1b, group 2a vs. 2b, and group 3a vs. 3b was
tested by Kaplan-Meier with log-rank testing. Cox regression was used for a multivariate
analysis of survival, corrected for variables that were associated with survival in univariate
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analysis. The association of PMI, SMI, and LPMA with adverse outcomes was also tested
with these parameters as continuous variables. PMI, SMI, and LPMA were adjusted
by dividing them by their standard deviations, in order to compare hazard ratios. To
compare secondary outcomes in the different groups, the same tests were used as for
the baseline characteristic analyses. With PMI, SMI, and LPMA as continuous outcomes,
logistic regression analysis was used to assess the categorical secondary outcomes and
linear regression analysis for continuous secondary outcomes. All analyses were made
using IBM SPSS Statistics version 27.

RESULTS

Selection of CT-scans

Figure 2 shows a flow-chart of patient inclusion. Between 2013 and June 2022, 104
patients underwent complex EVAR in the Leiden University Medical Center (LUMC).
In three patients, the preoperative CT-scan was not suitable for muscle segmentation,
either because it did not extend to the level of L3 (n=2), or because the correctlevel could
not be determined due to extreme scoliosis (n=1). This left 101 patients to be included in
the analysis. In 7 patients, the scan was suitable for segmentation of the psoas muscles
but not for whole skeletal muscle. This was either due to anatomic aberrations, or due
to the scan being cut off on both sides, impeding segmentation of the abdominal wall
muscles. In four patients the arterial phase was not suitable for segmentation, and the
non-contrast scan was used. Median time between the scan and surgery was 140.0 days
(IQR:110.0-175.8).

Number of patients treated with s Scan not suitable due to:
complex EVAR between 2013-2022 = Lo SnhAY
n=104 - Correct level not detectable due to
scoliosis
Scans not suitable for SMA due to:

Patients with a suitable CT-scan n=7 i » .

Gt - Anatomic aberrations
. - Scan cut off on both sides
Scans suitable for PMA and LPMA Scans suitable for SMA
segmentation segmentation
n=101 n=94

Figure 2: Flow-chart of patient inclusion.

Patient characteristics

Eighty-four of 101 patients (83%) were male, and mean age was 73.8 (SD: 6.1) years. Based
on PMI cut-offvalues, 24 patients (24%) were sarcopenic. Using LPMA, 53% was considered
sarcopenic. Of the 94 patients included in skeletal muscle segmentation, 64 (68%) were
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considered sarcopenic. Median segmentation time was 41.1 seconds (IQR: 34.6-51.6) for
the psoas muscles and 163.1 seconds (IQR: 133.9-193.7) for total skeletal muscle.

A comparison of sarcopenic versus non-sarcopenic patients (Table 1) based on PMI
showed that a higher number of patients in the sarcopenic group had undergone
previous AAA repair (38% vs. 13%, p=0.014). A comparison of the groups based on LPMA
showed that there were significantly more women in the sarcopenic group (17 (40%)
vs. 0, p <0.001) and more patients with cardiovascular comorbidities other than AF or
MI/ACS (22 (42%) vs. 10 (21%), p=0.033). The same analysis based on SMI showed that
sarcopenic patients in this subgroup had a significantly lower mean BMI (25.5, SD: 3.5
vs.28.3, SD: 3.6, p<0.001).

Association between sarcopenia and mortality

Median follow-up time was 26.0 months (IQR: 4.0-47.9). All-cause mortality during
follow-up was 28% (n=28). Based on PMI, estimated mean survival in months was 38.3
(95% Cl: 27.2-49.4) and 65.9 (95% Cl: 57.0-74.9) for sarcopenic and non-sarcopenic
patients respectively (p=0.049). Using LPMA cut-off values, mean survival was 45.3 (95%
Cl: 33.0-57.6) in the sarcopenic group, and 71.1(95% Cl: 62.3-79.9) in the non-sarcopenic
group (p<0.001). Based on SMI, estimated mean survival was 52.1 (95% Cl: 43.2-61.0)
and 74.6 (95% Cl: 62.0-87.1) for sarcopenic and non-sarcopenic patients respectively
(p=0.064). Figure 3 depicts the survival curves.

Table 2 shows that female gender, AF, other cardiovascular disease, ASA>3, higher
procedure complexity, and previous AAA repair were associated with a higher chance
of mortality. A multivariate analysis for sarcopenia based on PMI cut-off values (HR: 1.574,
95% Cl: 0.591-4.190, p=0.364) no longer showed a statistically significant association with
mortality. The same accounted for LPMA (HR: 2.534, 95% Cl: 0.940-6.829, p=0.066),
whereas the association between sarcopenia based on SMI became statistically
significant after adjustment (HR: 3.624, 95% Cl: 1.263-10.398, p=0.017).

PMI, SMI, and LPMA were also analyzed as continuous variables. They were adjusted by
dividing them by their SD (1.5, 7.7, and 146.5 respectively), in order to be able to compare
hazard ratios (HR). Univariate analysis showed that a higher PMI (HR: 0.434 per1standard
deviation, 95% Cl: 0.287-0.656, p<0.001), SMI (HR: 0.496, 95% Cl: 0.334-0.736, p<0.001),
and LPMA (HR: 0.361, 95% Cl: 0.222-0.589, p<0.001) were associated with a lower
mortality risk. In a multivariate cox regression analysis, the statistically significant negative
association remained present for PMI (HR: 0.590, 95% Cl: 0.374-0.930, p=0.023), SMI
(HR:0.453, 95% Cl: 0.267-0.768, p=0.003), and LPMA (HR: 0.559, 95% Cl: 0.333-0.944,
p=0.029). Table 3 shows an overview of these results. No multicollinearity was shown
between SMI, PMI, and LPMA and the factors in de multivariate analyses, as well as
possible other factors causing collinearity in our dataset (COPD, BMI, Diabetes Mellitus);
all variance inflation factors were below 2, and tolerance was above 0.1.
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Association between sarcopenia and secondary adverse outcomes

The secondary outcomes were MAE (a composite endpoint of complications with a
Clavien-Dindo score of 23, including death by surgical complications), non-home
discharge, and length of hospital stay. These outcomes were compared between
patients with and without sarcopenia based on SMI, PMI, and LPMA. In addition, these
parameters were analyzed as continuous variables (Table 4a-b). None of the outcomes
were statistically significant, which is presented in further detail below.

In the total patient group, 32 patients (32%) suffered a MAE, of whom 7 died (7%). There
was no statistical difference in the number of patients with a MAE when comparing
patients with and without sarcopenia based on PMI (8 (33%) vs. 24 (31%), p=1.000),
based on SMI (19 (30%) vs. 12 (40%), p=0.353), and based on LPMA (20 (38%) vs. 12 (25%),
p=0.202). Logistic regression also showed no statistically significant association between
the different parameters and MAE (Table 4a-b).

For PMI, 5 patients (23%) in the sarcopenic group and 14 patient (19%) in the non-
sarcopenic group were discharged to a rehabilitation center or nursing home (p=0.765).
For SMI, this was 14 (23%) vs. 4 (15%) for sarcopenic and non-sarcopenic patients
respectively (p=0.568), and for LPMA 12 (26%) sarcopenic vs. 7 (15%) non-sarcopenic
patients (p=0.304). Logistic regression also showed no significant association for PMI
and LPMA (Table 4a-b). However, logistic regression did show a negative association
between SMI and non-home discharge. Corrected for male gender (OR: 0.233, 95% Cl:
0.068-0.800, p=0.021) and COPD (OR: 3.000, 95% ClI: 1.033-8.708, p=0.043), which
were identified as being associated with non-home discharge, this was no longer
significant (Table 4a).

A comparison of the length of hospital stay showed no statistically significant differences
between sarcopenic and non-sarcopenic patients, based on PMI (median: 5.0, IQR:
3.0-10.0 vs. median: 6.5, IQR: 5.0-12.0, p=0.300), LPMA (median 6.0, IQR: 5.0-13.0 vs.
median: 6.0, IQR: 3.0-9.0, p=0.172), and SMI (median: 6.0, IQR: 5.0-12.8 vs. median:
7.0, IQR: 4.0-12.0, p=0.828). A linear regression analysis also showed no statistically
significant association for these parameters as continuous variables (Table 4a).

Association of severe sarcopenia with mortality and MAE

Physical performance based on gait speed, TUG-score, and/or MET-score was assessed
in 90 of 101 patients (89%). In this subgroup, 17 patients were considered severely
sarcopenic (17%), 55 patients (55%) were sarcopenic but not severe, and 18 patients
(18%) did not have sarcopenia based on either PMI, SMI, or LPMA. There were two
patients with a low physical performance score, without having sarcopenia. Kaplan Meier
survival analysis (Figure 4) showed a statistically significant difference in mortality risk
between severely sarcopenic (33.6 months, 95% Cl: 21.1-46.1) and sarcopenic patients
(63.9 months, 95% Cl: 52.6-75.3, p=0.012), and between severely sarcopenic and non-
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sarcopenic patients (80.0 months, 95% Cl: 70.3-89.8, p<0.001). A multivariate cox-
regression analysis, adjusted for the previously identified confounders also showed a
statistically significant association between severe sarcopenia and mortality (HR:10.525
95% Cl:1.163-95.239, coefficient 2.354, p=0.036), compared to non-sarcopenic patients
in this subgroup. There was no significant difference in the number of MAE's in severely
sarcopenic (n=8, 47%), sarcopenic (n=17, 31%), and non-sarcopenic patients (n=4, 22%,
p=0.286).

i Status
~not sarcopenic
_sarcopenic, but not
severe
| - severely sarcopenic
os \k‘ e
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3
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|
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0.0 1
.00 20.00 40.00 60.00 80.00 100.00
No. at risk Time after surgery in months
Not 18 10 7 4 1
sarcopenic
Sarcopenic, 55 30 18 5 il
not severe
Severely 17 9 4 1l 0

sarcopenic

Figure 4: Kaplan-Meier curves for severely sarcopenic patients (33.6 months, 95% Cl: 21.1-46.1),
compared to non-sarcopenic (80.0 months, 95% Cl: 70.3-89.8, p<0.001), and sarcopenic patients
(63.9 months 95% Cl: 52.6-75.3, p=0.012), in the sub-group analysis.

DISCUSSION

Association of PMI, SMI, and LPMA with adverse outcomes

After adjustment for confoundingfactors, alower PMI, SMI, and LPMA were all associated
with a higher risk of mortality, with a slightly stronger association for SMI. Sarcopenia
based on cut-off values for PMI and LPMA was not significantly associated with survival,
whereas sarcopenia based on SMI did lead to a significantly higher mortality risk. A sub-
analysis based on physical performance parameters showed that severely sarcopenic
patients were at even higher risk of mortality. None of the parameters were significantly
associated with secondary adverse outcomes. The fact that psoas muscle measurements
take less time, in addition to more scans being appropriate for psoas segmentation,
would favor PMI and LPMA over SMl in clinical application.
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The discrepancy between the significant association of PMI and LPMA with mortality
as continuous variables and the non-association of these variables based on cut-off
values could indicate that the cut-off values did not fit our population. Cut-off points
depend on various characteristics, such as age and height, and therefore vary between
different countries and patient cohorts. The number of patients in our cohortimpedes
the identification of robust cut-off points. A recent study by Bradley et al. defined cut-
off points for SMI and PMI in a cohort of patients undergoing EVAR (n=674), including
fenestrated- and branched-EVAR (n=133).22 When comparing their cut-off points with
the values used in our study, Bradley et al. defines slightly lower cut-off values for SMI
and slightly higher for PMI. This could indicate an underestimation of the number of
sarcopenic patient in our cohort based on PMI and an overestimation based on SMI,
although these cut-off points were identified for conventional and complex EVAR
patients combined. Future studies on complex EVAR patients could focus on validating
these cut-off points by Bradley et al., in order for these parameters to be applied in
clinical practice.

Results in context

Previous research based on PMA by Alenezi et al. reported an increased all-cause
mortality risk for lower PMA. Although a different parameter was used, this is in
accordance with our findings that a higher psoas muscle quantity, whether it be adjusted
for height into PMI or for density into LPMA, is associated with a lower mortality risk.'®
Kdrkkdinen 2020 et al. reported a comparable hazard ratio for LPMA and all-cause
mortality (0.59, 95% ClI: 0.40-0.87, p=0.008), compared to our hazard ratio (0.56, 95%
Cl: 0.33-0.94, p=0.029)."” Using their LPMA cut-off values, we were able to detect a
difference in all-cause mortality between sarcopenic and non-sarcopenic patients.
However, after adjustment for confounders this was no longer significant (p=0.066).

Aleneziet al. (PMA) and Kdrkkdinen 2021 et al. (LPMA) found that their parameters were
predictive for MAE, while this was not supported by our results, even when analyzing
severely sarcopenic patients. Although these discrepancies might be due to the fact
that both studies included substantially larger patient cohorts of 257 and 504 patients
respectively, itis an interesting finding which mightindicate that in our cohort sarcopenic
patients were fit enough to undergo surgery, but were more likely to die of other causes
on a longer-term compared to non-sarcopenic patients.'*!°

The EWGSOP-criteria propose that physical performance status can be used to identify
severely sarcopenic patients at an even higher risk for adverse outcomes.” This was
supported by our results, by using TUG, gait speed, and MET-score as indicators of
physical performance. In Kdrkkdinen 2021 et al., ASA-score was used for risk stratification
of extremely high-risk patients. Future research could focus on identifying preferred
physical performance parameters.
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Clinical application

The decision if and when an aneurysm should be treated, is mainly based on weighing
the risk of rupture against the short-term and long-term risks of surgery.*34 Being
at higher risk of mortality due to individual characteristics could be taken into this
equation. Sarcopenia combined with physical performance parameters is proposed
as such a characteristic, although regarding short term mortality due to surgery-related
complications this is not supported by our results.

As opposed to other risk factors for adverse outcomes, such as COPD and age,
sarcopenia is partially modifiable. Malnutrition and physical inactivity, two contributors
to sarcopenia, have been targeted for optimization in prehabilitation programs.?'
Given the factthat complex EVAR is generally elective surgery, time during surveillance
or time between the decision to treat and the actual procedure could be used to
optimize patients. A meta-analysis on prehabilitation programs for patients undergoing
major abdominal surgery concluded that pulmonary morbidity can be reduced by
prehabilitation.® Another review on prehabilitation prior to intra-abdominal surgery
stated that pulmonary and all-cause complications can be reduced by prehabilitation,
but was inconclusive on the ability to decrease mortality.*® A review on prehabilitation
in open and endovascular aortic repair concluded that exercise therapy might reduce
cardiac and renal complications.

However, all reviews stated that more research is necessary to validate these findings.
Furthermore, these studies investigated whether prehabilitation improved physical
function, and did not comment on post-prehabilitation changes in sarcopenia. A
randomized controlled trial showed a significant increase in SMIin community-dwelling
healthy elderly, who underwent a resistance-exercise intervention program. A study
among elderly nursing-home residents reported a decrease in the prevalence of
sarcopenia after three months of resistance-exercise training, but found no significant
decrease in SM1.* To our knowledge, the safety of such programs and their effect on
muscle mass has not yet been studied among complex aneurysm patients.

Limitations

This study presented a real-world complex EVAR patient group in a non-high-volume
university hospital. Consequently, the sample size was relatively small. This limits the
analyses that can be performed, and could confine the external validity. However, a
comparison with larger sized studies showed comparable results for the main outcome.

Several baseline characteristics were analyzed as possible confounders or factors of
multicollinearity. For example, physical inactivity can cause sarcopenia, which is likely
to be present in patients suffering from COPD. COPD could therefore correlate with
sarcopenia in a predictive model for mortality. In our data however, no significant
collinearity was shown and we adjusted for confounding factors in our multivariate
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analyses. However, it is possible that we did not examine all relevant variables. Due to
the restricted sample size, the number of variables in multivariate analysis is limited. As
mentioned in the introduction, sarcopenia is a disease of multifactorial cause. It could
also be argued whether, in a way, sarcopenia is already partially adjusted for these
confounding factors, and whether including these confounding factors in multivariate
analyses will have the desired effect.

CONCLUSION

As continuous variables, PMI, SMI, and LPMA were all associated with mortality, with
SMl as a slightly stronger predictor. When using cut-off values for PMI, SMI, and LPMA,
only sarcopenia based on SMI was associated with mortality after adjustment for
confounders. In our cohort, none of the factors were associated with MAE, including
surgery-related death. Psoas segmentation took less time, was possible in a higher
number of scans, and therefore has practical advantages compared to total skeletal
muscle segmentation. Future research, preferably with a higher number of patients,
could be conducted to determine optimal PMI and LPMA cut-off values for complex
EVAR patients. Furthermore, the highest-risk patients were identified by adding physical
parameters. Selecting high risk patients can aid in clinical decision-making and identifies
a group that might benefit from prehabilitation strategies.

INTERIM SUMMARY

In this chapter, sarcopenia was examined as a predictor of adverse outcomes after
complex EVAR. All parameters on a continuous scale showed to be associated with
mortality. However, based on cut-off values from previous research, only sarcopenia
based on SMl was associated with a lower estimated mortality in Kaplan Meier analysis.
This might indicate that PMI and LPMA cut-off values are not yet optimized for the
complex EVAR patient cohort. As itappears to be partially modifiable, sarcopenia could
be atarget for preoperative prehabilitation strategies during the watchful waiting period
before the treatment threshold has been reached or while waiting for the custom-made
stent. Additionally, identifying sarcopenic patients who are at risk for adverse outcomes,
can improve clinical decision-making and patient counseling. Understanding what
patients perceive as important and what they expect from treatment, is essential in this
matter. The next part of this thesis attributes to patient involvement and counseling by
analyzing patient preferences and by reviewing Dutch disciplinary law in order to identify
factors underlying patient dissatisfaction.
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TABLES

Table 1: Comparison of patient characteristics

Variable Sarcopenic PMI Notsarcopenic PMI p-value  Sarcopenic SMI
n=24 n=77 n=64

Male gender 22(92) 62 (81) 0.348 55 (86)

Age 75.3(6.0) 73.4(6.1) 0.199 74.83(6.5)

BMI 25.4(4.4) 26.7(3.3) 0.115 25.5(3.5)

ASA-score

2 7(29) 31(40) 0.219 26 (41)

3 15 (63) 44(57) 36 (56)

4 2(8) 2(3) 2(3)
Aneurysm size 62.0(59.0-74.3) 65.0 (58.5-70.0) 0.867 64.5(60.0-69.0)
Procedure complexity*

Crade 1 5(21) 9(12) 0.709 9 (14)

Grade 2 10 (42) 34 (44) 32(50)

Grade 3 7(29) 27(35) 18 (28)

Grade 4 2(8) 7(9) 5(8)
MI/ACS 9(38) 26 (34) 0.808 21(33)

AF 4(17) 104 0.750 7 (1)
Other cardiovascular disease 11 (46) 21(27) 0.130 21(33)
COPD 6 (25) 17 (22) 0.784 19 (30)
Diabetes type 2 3(13) 11(14) 1.000 6(09)
Previous AAA repair** 9(38) 10 (13) 0.014 1(7)
PVD 4(17) 13(17) 1.000 10 (16)
Stroke 3(13) 20 (26) 0.265 14(22)
Malignancy

Active 1(4) 4(5) 0.501 2(3)

Past 8(33) 17(22) 16 (25)
Smoking (n=63)

Active 7(29) 22(29) 0.706 15(24)

Past 11(46) 41(53) 33(52)
Hypertension 15 (63) 61(79) 0.1 48 (75)
Hypercholesterolemia 6(25) 29 (38) 0.329 23(36)
MET-score (n=20) (n=69) (n=56)

Low (1-4) 5(25) 1(16) 11(20)

Average (4-7) 14 (70) 56 (81) 0.349 42(75)

High (7-10) 1(5) 2(3) 305
PMI 4.8 (4.2-5.2) 6.3(5.8-7.3) <0.001 5.6(1.2)

SMI 40.6 (5.411) 48.0(7.5) <0.001 44.3(38.6-48.1)
LPMA 226.5(160.9-331.2)  379.5(305.4-478.2)  <0.001 328.0(110.3)

Abbreviations: SD: standard deviation, IQR: interquartile range (Q1-Q3), BMI: Body Mass Index
(kg/m?), ASA: American Association of Anesthesiologists, MI/ACS: myocardial infarction/acute
coronary syndrome, AF: atrial fibrillation, COPD: chronic obstructive pulmonary disease, AAA:
aorticaneurysm repair, PVD: peripheral vascular disease, MET: Metabolic Equivalent of Task, PMI:
Psoas Muscle Index, SMI: Skeletal Muscle Index



Not sarcopenic SMI p-value  Sarcopenic LPMA Not Sarcopenic LPMA p-value
n=30 n=53 n=48
22(73) 0.158 36 (68) 48 (100) <0.001
72.6(5.0) 0.076 74.3(6.2) 73.3(6.0) 0.394
28.3(3.6) <0.001 26.2(4.2) 26.7(3.0) 0.518
9(30) 0.507 18 (34) 20 (42) 0.822
19 (63) 33(62) 26 (54)
2(7) 2(4) 2(4)
66.0(58.0-76.0) 0.403 64.0(60.0-69.5) 65.5(58.0-74.8)
4(13) 0.597 4(8) 10 (21) 0.169
11(37) 22(42) 22 (46)
12 (40) 21(39) 13(27)
3(10) 6 (11) 3(6)
12 (40) 0.643 15(28) 20 (42) 0.209
6(20) 0.336 8 (15) 7(15) 1.000
8(27) 0.636 22(42) 10 (21) 0.033
4(13) 0.122 14 (26) 9(19) 0.477
7(23) 0.106 6 (11) 8(17) 0.567
4(13) 0.768 11(21) 9(19) 0.622
7(23) 0.397 9(17) 8(17) 1.000
8(27) 0.794 8 (15) 15(31) 0.061
3(10) 0.419 3(6) 2(4) 0.593
6(20) 11(21) 14 (29)

(n=52)
10 (33) 0.264 12(23) 17(35) 0.382
17(57) 30(58) 22 (46)
23(77) 1.000 42(79) 34 (71) 0.363
10 (33) 0.822 17 (32) 18 (38) 0.676
(n=26) (n=44) (n=45)
4(15) 10 6(13)
22(8) 0.638 32 38 (84) 0.408
0 2 1(2)
7.2(1.5) <0.001 5.2(4.7-6.1) 6.9 (6.1-7.8) <0.001
55.5(52.5-57.9) <0.001 42.4(6.6) 51.0(6.3) <0.001
451.0 177.1) 0.001 289.3(229.8-318.0) 457.3(385.5-531.4) <0.001

* Grade 1: 1 or 2 fenestrations. Grade 2: 3 or 4 fenestrated EVAR. Grade 3: branched-EVAR. Grade

4: branched-fenestrated EVAR combinations, arch EVAR, and emergency cases.
**either open or endovascular
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Table 2: Univariable analyses for all-cause mortality

Variable HR 95% CI Coefficient p-value
Gender (male) 0.318 0.144-0.705 -1.145 0.005
Age 0.974 0.917-1.035 -0.026 0.392
BMI 0.936 0.831-1.055 00.066 0.280
ASA of 23 2.524 1.063-5.995 0.926 0.036
Hypertension 1.367 0.553-3.377 0.313 0.498
Smoking

Past 0.983 0.388-2.494 -0.017 0.972
Active 0.859 0.311-2.374 -0.152 0.770
Diabetes 1.021 0.627-1.662 0.021 0.933
Hypercholesterolemia 0.625 0.275-1.423 -0.470 0.263
MI/ACS 0.506 0.215-1.191 -0.682 0.119
AF 2.469 1.039-5.864 0.904 0.041°
Other cardiovascular disease 4.625 2.135-10.020 1.532 <0.001°
Stroke 0.687 0.276-1.708 -0.376 0.419
COPD 1.572 0.690-3.582 0.453 0.281
PVD 1.237 0.500-3.061 0.212 0.646
Previous AAA repair 2.757 1.237-6.142 1.014 0.013
Malignancy

Past 1.067 0.430-2.651 0.065 0.889
Active 0.738 0.099-5.510 -0.304 0.738
Procedure complexity™

Grade 2 1.241 0.332-4.780 0.216 0.754
Crade 3 2.039 0.527-7.270 0.712 0.272
Grade 4 4.389 1.032-18.670 1.479 0.044
PMI 0.573 0.435-0.755 -0.556 <0.001
SMI 0.913 0.868-0.961 -0.091 <0.001
LPMA 0.993 0.990-0.996 -0.007 <0.001"

Abbreviations: BMI: Body Mass Index (kg/m?), ASA: American Association of Anesthesiologists,
MI/ACS: myocardial infarction/acute coronary syndrome, AF: atrial fibrillation, COPD: chronic
obstructive pulmonary disease, PVD: peripheral vascular disease, AAA: abdominal aortic
aneurysm, PMI: psoas muscle index, SMI: skeletal muscle index, LPMA: lean psoas muscle area
" Statistically significant association, based on a p-value cut-off of <0.05.

” Procedure complexity: Grade 2: 3 or 4 fenestrated EVAR. Grade 3: branched-EVAR. Grade 4:
branched-fenestrated EVAR combinations, arch EVAR, and emergency cases.

Table 3: Multivariate analysis of all-cause mortality adjusted for gender, ASA-score, AF, other
cardiovascular disease, previous AAA repair, and procedure complexity

Variable HR 95% CI Coefficient  p-value
Unadjusted PMI 0.704 0.520-0.953 -0.351 0.023"
Unadjusted SMI 0.902 0.843-0.966 -0.103 0.003"
Unadjusted LPMA 0.996 0.992-1.000 -0.004 0.029”
Adjusted” PMI 0.590 0.374-0.930 -0.528 0.023"

Adjusted” SMI 0.453 0.267-0.768 -0.528 0.003"




Table 3: Multivariate analysis of all-cause mortality adjusted for gender, ASA-score, AF, other
cardiovascular disease, previous AAA repair, and procedure complexity (continued)

Variable HR 95% ClI Coefficient  p-value
Adjusted” LPMA 0.559 0.333-0.944 -0.581 0.029"
Sarcopenia based on PMI cut-off 1.574 0.591-4.190 0.453 0.364
Sarcopenia based on SMI cut-off 3.624 1.263-10.398 1.288 0.017"
Sarcopenia based on LPMA cut-off  2.534 0.940-6.829 0.930 0.066

Abbreviations: ASA: American Association of Anesthesiologists, AF: atrial fibrillation, AAA:
abdominal aortic aneurysm, PMI: Psoas Muscle Index, SMI: Skeletal Muscle Index, LPMA: Lean
Psoas Muscle Area

"PMI, SMI, and LPMA were divided by their standard deviation in order to enable interpretation
of hazard ratios.

“Statistically significant association based on a p-value cut-off of <0.05.

Table 4a: Comparison of secondary outcomes between patients with and without sarcopenia
based on SMI, PMI, and LPMA.

Outcome Variable OR 95% Cl P-value
MAE SMI 0.970 0.917-1.027 0.296
PMI 0.960 0.724-1.272 0.774
LPMA 0.998 0.995-1.002 0.329
Non-home discharge SMI 0.931 0.867-0.999 0.048"
SMI corrected 0.964 0.890-1.044 0.370
PMI 0.763 0.535-1.087 0.134
LPMA 0.996 0.992-1.000 0.072
Length of stay SMI -0.135 -0.372-0.102 0.261
PMI -0.004 -1.159-1.151 0.994
LPMA -0.001 -0.130-0.110 0.873

Abbreviations: MAE: Major Adverse Events, SMI: Skeletal Muscle Index, PMI: Psoas Muscle Index,
LPMA: Lean Psoas Muscle Area
“Statistically significant association based on a p-value cut-off of <0.05.

Table 4b: Odds ratios of SMI, PMI, and LPMA as continuous variables for the secondary outcomes.

Outcome Variable Sarcopenia P-value
Yes No
MAE SMI 19 (30) 12 (40) 0.353
(n, %) PMI 8(33) 24(31) 1.000
LPMA 20 (38) 12(25) 0.202
Non-home discharge SMI 14 (23) 4(15) 0.568
(n, %) PMI 5(23) 14.(19) 0.765
LPMA 12 (26) 7(15) 0.304
Length of stay SMI 6.0 (5.0-12.8) 7.0 (4.0-12.0) 0.828
(median, IQR) PMI 5.0(3.0-10.0) 6.5(5.0-12.0) 0.300
LPMA 6.0(5.0-13.0) 6.0(3.0-09.0) 0.172

Abbreviations: MAE: Major Adverse Events, SMI: Skeletal Muscle Index, PMI: Psoas Muscle Index,
LPMA: Lean Psoas Muscle Area, IQR: Interquartile Range
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