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Background: The effect of sarcopenia based on the total psoas muscle area (TPK@A)®n
inconclusive in patients undergoing abdominal aortic aneurysm (AAA) intervention. The aim
of this prospective cohort study was to evaluate morphometric sarcopenia as a matiod of r
stratification in patients undergoing elect&8A intervention.

Methods. TPMA was measured on preintervention CT ies@f patients undergoing
elective endovascular aneurysm repair (EVAR) or open aneurysm repair. Mortality was
assessed in relation to preintervention TPMA using @gression analysis, with calculation

of hazard ratios at 30 days, 1 year and 4 years. Postintervention morbidieyalaasted in



terms of postintervention care, duration of hospital stay and 30-day readmission. <Change
TPMA on surveillance EVAR imaging were also evaluated.

Results: In total, 382 patient images acquired between March 2008 and December 2016 were
analysed. There were no significant intraobserver and interobserveremiésr in
measurements of TPMA. Preintervention TPMA failed to predict morbidity and mortality at
all time points. The mean(s.d.) interval between preintervention and surveillance invaging
361.3(111.2) days. A significant reduction in TPMA was observed in men on surveillance
imaging after EVAR (mean reduction 0.63(1.48) per nf; P < 0.001). However, this was

not associated with mortality (adjusted hazard ratio 1.00, 95 per cent c.ioQ9®; P =
0.935).

Conclusion: TPMA is not a suitable risk stratification tool for patients undergoing effective
intervention forAAA.

+A: Introduction

Preoperative risk stratification is an important component of surgical practice. Higtyquali
randomized trials from the UK, Europe and USA have all highlighted the importance of
patient selection when planning elective abdominal aortic aneurysm (AAA) intervention,
either by endovascular aneurysm repair (EVAR) or open aneurysm repd®(®A his is
important in terms of perioperative risk and long-term survival. Cardiopulmonary exercise
testing is frequently used to help stratify periprocedural risk and can predicttesiort-
survival*®. Several methods of long-term risk stratification have been investigated, the most
recent being the Carlisle risk scbr@hese have yet to be shown to be of clear prognostic
relevance following AAA intervention and fail to predict long-term mortality, espedially
patients with multiple morbiditiés With this in mind, a simple objective method for long-

term risk stratification would be clinically useful



Patients with an AAA are typically aged over 65 years; the estimated prevalenc
sarcopenia in this group is 41.1 per ¢&nBarcopenia, determindey assessment of psoas
muscle size, is an accepted measure of ffaiontemporary evaluation of patients with
AAA typically involves preoperativ€T angiography (CTA) to assess AAA morphology and
suitability for endovascular intervention. It is well established that sarcopenia can be
guantified on CT images by measuring the total psoas muscle area (TPMA), and thisihas bee
shown to have prognostic value in patients undergoing curative cancer réSettioas been
shown recently that manual tracing of the TPMA is both reproducible and independent of
observer bids. The hypothesis of this study was that TPMA might therefore be a useful
clinical adjunct for risk stratification in patients with an AAA. Associations between
sarcopenia and adverse outcomes have been reported following elective AAAntietée
Y This finding was not, however, replicated by Heard and colleiguascohort of vascular
patients in theUK. In the existing studies there has been disparity in the statistical
stratification of patients based on TPMA, with some studies categorizing patients intq tertiles
whereas others have adopted a cut-off for sarcopenia of arouci*5e®r nf in men and 4.0
cn? per nfin wome$*°.

The primary purpose of this study was to investigate whether there is a relationship
between sarcopenia, determined by the TPMA, and mortality and morbidity following
elective AAA intervention using a range of statistical approaches. Second, the study
investigated whether TPMA changed following intervention and if this had any prognostic
value.
+A: Methods
Preoperative cross-sectional CTA imadrom patients who underwent a primary elective
intervention for AAA at a tertiary vascular surgery centre in the UK were awdalyse

Consecutive patients were identified from the Health Quality Improvement Partnership’s



prospectively maintained national database, the National Vascular Registry ‘{N¥R)
sample of patients who had intervention between January 2010 to December 2015 was
compared against Hospital Episode Statistics (HES) data to ensure that the sample used in the
present study was representative of local practice.

Patients were included into the study if they had preintervention CT of the abdomen
within 12 months of their AAA intervention available on the hospital picture archiving and
communications system (PACS). Imaging was performed using a Siemens Somatom
Definition AS CT scanner (Siemehtealthcare, Forchheim, Germarwith the patient supine,
with a breath-hold to minimize motion artefact. Cross-sectional éswagre retrieved, and
analysis undertaken at the level of the third lumbar vertebra. Patientsxekrdee from the
study if the psoas muscles could not be visualized in their entirety on the cross-sectional
imaging.

Ethical approval was granted by the local radiology research authorization group and
Health Research Authority (IRAS project identifier 228484). The authors conformed to the
Helsinki Declaration, 1996.
+B: Data collection and outcome measures
The following demographic data were retrieved from the NVR and refined from the hospital
medical records: age, sex, weight, height, AAA diameter, ASA fitness grade and smoking
status. Patient co-morbidity data were collected regarding: diabetes, hypertension, ischaemic
heart disease, chronic heart failure, chronic kidney disease, cerebrovasocedese dind
chronic pulmonary disease.

The primary outcome measures of this study were patient morbidity and mortality.
The date of death was collected from an electronic patient record system (Patient Pathway

Manager plusPPM+). Patient morbidity data collected included: postoperative destination



(ward, high-dependency unitHDU) or ICU), duration of hospital stay and 30-day
readmission. These were obtained from the NVR and corroborated with data from PPM+.
+B: Image analysis
The TPMA was measured on all preintervention CT images, regardless of treatmentymodalit
CTA imaging surveillance following OAR is not done routjté Therefore, the association
between changes in TPMA before and after the procedure and mortality was assesised only
patients undergoing EVAR with postintervention imaging at least 6 months after endografting.

All images were assessed for inclusion by a single investigator who did not participate
in the analysis of images. Morphometric measurements were performed using the PACS
viewer Impax (Agfa-Gevaert, Mortsel, Belgium). Transverse cross-sectional images
identified by counting up from the sacrum to the third lumbar vertebra on the sagittal view of
the abdomen on multiplanar reconstruction. The TPMA was measured by two trained
independent raters (R1 and R2), who were blinded to the patient characteristics, by manually
tracing around the left and right psoas muscle (Big. 1
+B: Statigtical analysis
TPMA, age, height, weight and AAA size were found to be normally distributed using the
Shapire-Wilk test. These were reported using mean(s.d.) and were compared using the
unpaired Student test. Categorical variables were reported as absolute numbers and
percentages, ammbmparisons were made using either #figest or KruskalWallis test. P <
0.050 was considered significant.

The TPMA was measured &n?. Each image was analysed by R1 twice (Rla and
R1b) and once by R2, as described previdislynages were presented to the raters in a
random order and raters were blinded to the clinical data. Intraobserver and intembserv
differences in TPMA measurements were evaluated using -Bidtngan plots and paired t

tests. The limits of agreement were illustrated as two standard deviations from the mean



differences observed. Measurements from R1la were used solely to deriveditaddBPMA
measurements, as single-observer measurement was likely to represent the potential clinical
application of this method. Measurements of TPMA were standardized against the ’patients
height-squared (reported as per nf)™°.

To identify any associations between TPMA and mortalityx @gression analysis
was used to derive hazard ratios (HRs) and 95 per cent confidence intervaisdrep@0
days, 1 year, 4 years and overall. In this analysis, TPMA was treated as amdedetpe
continuous co-variable. Similarly, changes in TPMA on surveillance imaging $veesgline)
were compared to identify any association with mortality. Patients were subsequently
categorized into tertiles, and also using single TPMA cut-off values @h%.Ber nf in men
and 4.0cn? per nf in women as these methods have been employed extensively in other
studied’. Patients in tertile 1 had the highest TPMA measurements, and those in tertile 3 the
lowest. KaplanrMeier survival analysis was undertaken and differences in overall survival
assessed using log rank tests.

Morbidity analysis was grouped according to type of intervention, as the
postintervention management is different for EVAR and OAR. The association between
TPMA and postintervention destination was assessed using logistic regression. rits patie
who underwent EVAR, TPMA was evaluated in relation to type of postintervention care
(HDU/ICU versus ward care). In patients who had ROAPMA was compared between
patients who required ICU care versus HDU care after the intervention. -@ayrty
readmission was assessed by means of logistic regression, and the associationTibtpee
and duration of hospital stay was evaluated using linear regression analysis.régbiay

analysis was reported unadjusted, and adjusted for age, sex and intervention type.



Post hoc analysis was performed by type of intervention owing to baseline differences
in the EVAR and OAR cohorts. Analysis based on sex was not possible becausenwdlthe s
number of women in this study.

Statistical analyses were done using SP8&sion 23 (IBM, Armonk, New York,
USA) and Minita§ (Minitab, State College, Pennsylvania, USA).
+A: Resaults
In total, 430 patients who had an AAA intervention between January 2008 and December
2016 were identified. Overall, 253 of the 382 patients included in the study (66.2 per cent
had an EVAR and 129 (33.8 per cent) an OAR. Data capture in the NVR was 83.6 per cent
compared with equivalent HES data. All patients had a minimum of 12 months of clinical
follow-up unless the patient had died within this time. Mean(s.d.) follow-up was 4.0(2.7)
years. After exclusions, preintervention ireafrom 382 patients and postintervention iraag
from 211 patients were analysed (Fig. 2). The mean age was 75.0(7.6) years patle3(s
(87.2 per cent) were men. The mean height was 1.74(h0&atient demographics are
summarized in Table 1.
+B: Image analysis
The mean interval between imaging and intervention was 80.6(74.0) days. Only
measurements from preintervention imaging were used to assess observarcdsfefdis
comprised 1146 blinded measurements of TPMA, 764 measurements by R1 and 382 by R2.
There were no significant intraobserver (mean differer@@2(0.78)cn?; P = 0.669) or
interobserver (mean difference 0.04(0.76)% P = 0.222) differences in TPMA
measurements (Fig. 3). The mean standardized preintervention TPMA for all patients was
6.3(1.9)cn? per nf.

+B: Primary outcome



Overall, no patients died in the first 30 days after the procedure. There were 26 deaths (6.8 per
cen) within 1 year, 81 (21.2 per cgnwithin 4 years, and 109 patients (28.5 per cent) had
died by the end of the studis a continuous variable in Cox regression analysis, TPMA was
not a significant independent predictor of death at any of the time points analysed (Table 2).
Survival analysis based on patients categorized by TPMA tertile also failed to detbeonstra
any relationship between TPMA and mortality (unadjusted HR 1.00, 95 per cent cfo 0.81
1.28, P = 0.919; adjusted HR 1.00, OtG1.18, P = 0.779) (§. 4a). Analysis based on the
suggested sarcopenia cut-off value of &% per nf in men and 4.@m? per nf in women
indicated that lCL'patients(28.9 per cent were sarcopenic. As in the other analyses,
categorization based on this method also failed to show TPMA to be predictive of mortality
(unadjusted HR 0.83, 0.58 1.22, P = 0.224adjusted HR 0.90, 0.56 1.41, P = 0.657) (Fig.
4bh).

Of patients who underwent EVAR, the majority received ward-based rather than
HDUY/ICU care (58.5 versus 37.9 per cent respectively). TPMA was not predictive oéed
for higher-level care after EVAR (unadjusted odds ratio (OR) 0.96, 95 pec.ce@t84to
1.11, P = 0.585; adjusted OR 0.93, 0t8..07, P = 0.301) or OAR (unadjusted OR 0.82,
0.67t0 1.00, P = 0.050; adjusted OR 0.85, 0:68.06, P = 0.142).

The median duration of hospital stay was 3 (i.g-B)2lays after EVAR and 8 {&2)
days after OAR. There was no significant association between TPMA and duration of hospital
stay following EVAR (unadjusted regression coefficiedi22, 95 per cent c1.82to 1.38,
P = 0.789; adjusted regression coefficiei®t27, -1.95to 1.41; P = 0.752) or OR
(unadjusted regression coefficient 0.03.97 to 1.03, P = 0.955; adjusted regression
coefficient 0.31,-0.75t0 1.36, P = 0.564). Sixteen patients (4.2 per cent) were readmitted
within 30 days. TPMA did not predict readmission (unadjusted OR 0.99,t®.7@8, P =

0.914 adjusted OR 0.98, 0.8 1.31, P = 0.902).



+B: Secondary outcome

Of the 253 patients who underwent EVAR, 211 (83.4 per centj bailable postintervention

CT image for analysis. The mean interval between preintervention and surveiftegiag

was 361.3(111.2) days. Mean standardized TPMA at surveillance was 6(2.pgr nf.

There was a significant decrease in TPMA after EVAR compared with the preintervention
value (mean difference 0.63(1.4&)7 per nf; P < 0.001). A reduction in TPMA was not,
however, associated with increased mortality (unadjusted HR 1.00, 95 per cent ct@ 0.99
1.01, P = 0.893; adjusted HR 1.00, 0t89.01, P = 0.935).

+B: Post hoc analysis

Patients undergoing EVAR were significantly older, had a smaller aneurysm at the time of
intervention, and had a higher ASA grade owing to a higher prevalence of co-tiesidi
than those undergoing OAR (Table 1). They also had a significantly higher standardized
TPMA (6.6(1.8) versus 5.7(1.9n? per nf; P < 0.001). It was therefore important to
determine whether TPMA performed differently as a predictor of mortality in the two
treatment groups, which were clearly not well matched.

In patients undergoing EVAR, preintervention TPMA analysed as a continuous
variable did not predict mortality (unadjusted HR 0.90, 95 per cent c.i. 0.80 to 1.02, P = 0.088;
adjusted HR 0.93, 0.8® 1.06, P = 0.260). Similarly, in analyses based on stratification by
tertiles (unadjusted HR 1.15, 0.88 to 1.50, P = 0.304; adjusted HR 1.10, 0.84 to 1.44, P =
0.508) and the predefined cut-off values for sarcopenia (unadjusted HR 0.86, 0.49 B 1.48,
= 0.581; adjusted HR 0.86, 0.50 to 1.49, P = 0.593), TPMA did not predict mortality
following EVAR.

In patients undergoing OAR, preintervention TPMA analysed as a continuous variable
also did not predict mortality (unadjusted HR 1.02, 0.84 to 1.26, P = 0.819; adjusted HR 1.11,

0.88 to 1.41, P = 0.386). Furthermore, analyses based on stratification by tertiles (unadjusted



HR 0.86, 0.55 to 1.37, P = 0.528djusted HR 0.78, 0.48 to 1.28, P = 0.324) and the
predefined cut-off values for sarcopenia (unadjusted HR 0.98, 0.47 to 2.03, P = 0.948;
adjusted HR 0.96, 0.46 to 2.01, P = 0.077) confirmed that TPMA did not predict mortality
following OAR.

Age was the only significant predictor of outcome at all time poidts 0.001).A
significant negative correlation was observed between preintervention TPMA and age
(Pearson correlation0.13, P = 0.011) (Fig. 5). Some 104 patients (27.2 per cent) were aged
above 80 years, a cohort previously described to have a poor outcome following vascular
surgery compared with younger patiéfitghe mean standardized TPMA before intervention
in this group was 6.0(1.&" per nf, compared with 6.4(2.@n7 per nf in patients aged 80
years or less (P = 0.072). TPMA also failed to predict mortality in this high-risk patcerm gr
(unadjusted HR 1.08, 0.90 to 1.29, P = 0.407; adjusted HR 1.02, 0.84 to 1.25, P = 0.823).
+A: Discussion
It has been suggested that TPMA as a simple measure of sarcopenia might be useful in
predicting outcomes in surgical patients and therefore be suitable as a clinical risk
stratification tool. Existing evidence for TPMA in patients with an AAA is conflicting.
Previous studies have not used robust statistical methodology and are at risk of bias.

In this study, TPMA was assessed in an unselected cohort of patients undergoing
elective AAA repair at a single UK centre. There was no association between TPMA and
mortality at 30 days, 1 year or 4 years. This was the case whether TPMA waasuaed
continuous variable in Cox regression analysis, or in cohort analysis by tertiles & DPM
using TPMA cut-off values from the literature to define sarcopenia. TPMA did not identify
the need for higher-level care, prolonged hospital stay or 30-day readmissionwalsere
significant reduction in TPMA 1 year after EVAR, but this was not predictive of outcome.

The reasons behind the continued reduction in TPMA were beyond the scope of this study



however, it is clear from the demographic data that these patients had multiple co-morbidities
and AAA intervention did not affect TPMA reduction.

The only patient characteristic that did predict mortality in this study was age at
intervention. When TPMA was evaluated in a selected group of high-risk octogenarian
patients, there was no significant association between TPMA and mortality.

Existing methods of long-term risk stratification, such as the vascular POSSUM score
and Glasgow Aneurysm Score, have been criticized as they predict long-term outcomes
poorly’. Such methods require the careful evaluation of patient characteristics, co-morbidities,
physiology and results from investigations. They have not been adopted widely. The ability to
predict long-term survival from a simple quantifiable assessment such as TPMA ikngppea
There is a growing body of evidence that sarcopenia measured by T ®Arognostic
indicator in surgical patients undergoing curative cancer resection, livspkaatation and
emergency surgerylt is important to recognizethe differences between these cohorts
and the types of patient who develop AAA. Patients undergoing AAA intervention are
typically elderly, current or ex-smokers with a high prevalence of cardiovascular and
pulmonary co-morbidif*?’. Therefore, it is important to appreciate that it may be
challenging to capture the complex frail co-morbid nature of this patient group wiitigla
measure such as the TPMA.

Nor is there evidence that TPM#éassociated with patient morbidity following AAA
interventio**>?8 Thurston et al? and Newton and colleagd@soth reported a longer
hospital stay in sarcopenic patients undergoing EVAR; however, they failed to adjust for
patient age and sex. Despite this, sarcopenia was not associated with either kddy or
complications here, findings supported by Kays and co-wdfke®milar to the present
findings, Heard et dl.demonstrated that sarcopenia did not influence postintervention

discharge destination.



In this study, TPMA was measured in preference to the total abdominal muscle area,
as this measurement could be performed manually by tracing around the left and right psoas
muscle after limited training, without the need for specialist soffw&fé?®. Similar to
previous findings, measurement of TPMA was reproducible, as demonstrated by the absence
of intraobserver and interobserver differences. The method is feasible nussigstandard
PACS viewersso did not need any additional resources, and was representative of likely
clinical application. However, the potential benefit of using a Hounsfield-based method of
image analysis has been described by Kays and collé&gwh® demonstrated sarcopenic
myosteatosis to be associated with increased mortality, suggesting that simply measuring the
psoas muscle area may be an inaccurate representation of actual muscle bulk. This study
attempted to accommodate analytical variations previously described as there is nalunivers
consensus on measurements of muscle bulk indicating sarcopenia in vascular surgery.

This study is limited by the fact it is from a single UK centre and magfibrer not be
representative of all cohorts of patients with an AAA. The patient characteirstids study
were, however, in keeping with those reported by the major international randomized trials.
Data used in this study were primarily from the NVR, which is populated by clinicrehs a
site-specific administrators.

As TPMA is not a suitable tool for predicting mortality affehA intervention, other
measures of frailty, such as grip strength, gait speed and frailipgcehould be tested in
these patients.
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Fig. 1: one column

Fig. 1 Cross-sectional measur ement of thetotal psoas muscle area on CT angiography

Footnote to Fig. 1: X denotes the right psoas.

Fig. 2 Flow chart illustrating the inclusion and exclusion of patients identified from the
National Vascular Registry
Footnote to Fig. 2: NVR, National Vascular Registry; AAA, abdominal aortic aneurysm;

EVAR, endovascular aneurysm repair; OAR, open aneurysm repair.

Fig. 3 Bland-Altman analysis of intraobserver and interobserver agreement in total

psoas muscle area measurements

Footnote to Fig. 3 a Intraobserver anth interobserver differences in total psoas muscle
area (TPMA) measurements. Solid and dashed lines represent the mean and limits of
agreement respectively. R1la and R1b, first and second measurements from theédirsRza

single measurement by the second reader.

Fig. 4 Kaplan—-Meier curves showing survival in relation to total psoas muscle area
Footnote to Fig. 3 a By total psoas muscle area (TPMA) tertiles &nly defined cut-off

values



Fig. 5 Scatter plot illustrating relationship between standardized preintervention total
psoas muscle area and age

Footnote to Fig. 3 TPMA, total psoas muscle area.



Table 1 Patient demogr aphics, overall and by intervention

Overall EVAR OAR
(n=382) | (n=253) (n = 129) P:

Age (year9)* 75.0(7.6) | 76.4(7.4) 72.3(7.2) | <0.0018
Sexratio(M : F) 333:49 221:32 112 : 17 0.873
Weight (kg)* 83.8(19.3)] 83.8(18.3) | 83.8(21.6) 0.9978
Height (m)* 1.74(0.08)| 1.74(0.08) | 1.75(0.07) 0.3598
AAA diameter (mm)* 62.6(8.4)| 61.5(6.8) 64.9(10.5) 0.0028
ASA fitness gradet TROEDYEINIED (=) 0.005
Smoking status

Smoker 82 (21.5)| 42(16.6) 40 (31.0) 0.001

Ex-smoker 115 (30.1)| 88(34.8) 27 (20.9) 0.004
Co-morbidities

Diabetes 45 (11.8)] 36 (14.2) 9 (7.0) 0.044

Hypertension 137 (35.9)] 103 (40.7) 34 (26.4) 0.007

Ischaemic heart disease 100 (26.2)) 84 (33.2) 16 (12.4) <0.001

Chronic heart failure 12 (3.1) 10 (4.0) 2(1.6) 0.352

Chronic kidney disease 30(7.9) 26 (10.3) 4(3.1) 0.015

Cerebrovascular disease 14 (3.7) 11 (4.3) 3(2.3) 0.399

Chronic pulmonary disease 51(13.4) 45 (17.8) 6 (4.7) <0.001
Sar copenia

TPMA (cnf)* 19.1(6.1)| 20.0(6.0) 17.4(6.0) | <0.001§

Standardized TPMA (cfrper nf)* 6.3(1.9) 6.6(1.8) 5.7(1.9) <0.0018




Values in parentheses are percentages unless indicated otherwise; values are *naah(s.d.)
tmedian (i.q.r.). EVAR, endovascular aneurysm repair; OAR, open aneurysm repair; AAA,

abdominal aortic aneurysm; TPMA, total psoas muscle #géaest, except §Student’s t test.



Table 2 Cox regression analysis for mortality at 30 days, 1 year, 4 years and overall
with hazard ratiosfor standardized total psoas muscle area as a continuous variable
Unadjusted analysis Adjusted analysis*
Hazard ratio P Hazard ratio P
30 days | 0.73(0.45, 1.20) 0.221 0.80 (0.44, 1.46) 0.468
lyear |0.92(0.75, 1.14) 0.458 0.92 (0.73, 1.15) 0.455
4 years | 0.94(0.83,1.07) 0.361 0.96 (0.83, 1.11) 0.580
Overall | 0.99 (0.89, 1.09) 0.769 0.97 (0.87, 1.08) 0.603

Values in parentheses are 95 per cent confidence intervals. *Adjusted for ageydsex a

intervention type.



Table 3 Patient mor bidity following endovascular and open aneurysm repair
EVAR OAR
(n=253) (n =129)
Postoper ative destination
Ward 148 (58.5) 3(2.3)
HDU 75 (29.6) 49 (38.0)
ICU 21 (8.3) 64 (49.6)
Unknown 9 (3.6) 13(10.1)
Duration of hospital stay 3(25) 8 (6-12)
(days)*
Readmission within 30 days 13 (5.1) 3(2.3)

Value in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.).
EVAR, endovascular aneurysm repair; OAR, open aneurysm repair; HDU, high-dependency
unit.
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Blurb for graphical abstract:

The total psoas muscle area (TPMA), as a measure of sarcopenia and frailty, has been demonstrated
previously to be a potential method of risk stratification in surgical patients. In this $R& did

not appear to be associated with mortality and morbidity in patients undergoing electivénabdom

aortic aneurysm intervention. Therefore TPMA may not be a suitable method of risk sti@tifica

routine clinical practice.



