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Introduction

The evolution of abdominal aortic aneurysm (AAA) repair 
from open to endovascular aneurysm repair (EVAR) has great 
relevance in older adults, who often have more comorbid  

 
conditions, are frailer and have higher levels of sarcopenia. 
EVAR, where technically feasible and where the maximum aortic 
diameter has reached threshold (>5.5cm in men and >5.2cm in 
women) is minimally invasive and involves the deployment of a 
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stent graft inside the aneurysm via percutaneous femoral access, 
and has several advantages including avoidance of general 
anesthesia, reduced length of stay (LOS) and reduced post-
operative mortality [1].

Sarcopenia and frailty are distinct but overlapping 
conditions. Frailty is “a biologic syndrome of decreased reserve 
and resistance to stressors, resulting from cumulative declines 
across multiple physiologic systems, and causing vulnerability 
to adverse outcomes” [2]. There have been multiple screening 
tools developed in an attempt to assess frailty, which usually 
follow either a phenotypic or cumulative deficits model [3]. 
Despite the differing tools used to measure frailty, higher frailty 
scores are associated with increased mortality, post-operative 
complications, and length of stay in surgical patients [4], higher 
mortality following open AAA repair and carotid endarterectomy 
[5] and vascular surgery [6], and LOS and discharge destination in 
vascular ward patients [7].

Sarcopenia, on the other hand, is defined as “a progressive and 
generalised skeletal muscle disorder that is associated with an 
increased likelihood of adverse outcomes including falls, fractures, 
physical disability and mortality” and “confirmed by the presence 
of low muscle quantity or quality” [8,9]. Several parameters have 
been used to define muscle quantity, including psoas muscle area 
(PMA). A decline in PMA seems to be representative of decreased 
lean body muscle mass and sarcopenia, at least in haemodialysis 
patients. However, the European guidelines suggest more research 
is required to formalise whether PMA is a reasonable surrogate 
for skeletal muscle mass [10]. 

There is emerging evidence to suggest that PMA is associated 
with mortality in older vascular surgical patients following 
endovascular aortic surgery, and to a lesser extent post-operative 
complications. Some, but not all studies [11,12], have shown that 
a reduction in PMA correlated with higher mortality following 
EVAR, open AAA repair or other vascular intervention [13-21]; 
but none of the studies to date have included frailty scoring in 
conjunction with PMA in this setting.

In the AAA population, widespread use of computer 
tomography (CT) imaging enables easy measurement of PMA as 
a representation of sarcopenia. PMA could therefore be an easy 
to obtain predictive tool for outcomes following EVAR, and to 
determine whether the procedure is in the patient’s favour or not. 
Our study further explored the relationship between PMA with 
post-operative outcomes and mortality in older adults undergoing 
asymptomatic infrarenal EVAR, seeking to assess whether similar 
correlations between PMA and mortality were found in the local 
surgical population in Western Australia. We chose to include 
frailty to further clarify this issue. 

Methods

A retrospective observational study of patients 65 years and 
older who had undergone an elective EVAR for asymptomatic 

infrarenal AAA, in a tertiary metropolitan centre in Western 
Australia, from 1st January 2013 to 31st December 2017. Patients 
were excluded if the cause of the AAA was connective tissue 
disease, mycosis, or inflammation, and if EVAR was performed as 
an emergency or non-elective procedure for symptomatic AAA. 

Retrospective data was collected from chart review and 
electronic medical records. Baseline patient characteristics 
included age, sex, current smoking status, Charlson comorbidity 
index, the presence of coronary artery disease (history of previous 
myocardial infarction, coronary artery bypass graft surgery or 
percutaneous coronary intervention), cerebrovascular disease, 
chronic kidney disease, diabetes, hypertension, peripheral 
vascular disease (intermittent claudication, critical limb 
ischemia, revascularisation or lower limb arteries), as well as, 
maximum antero-posterior AAA diameter, BMI, and preoperative 
haemoglobin levels. A modified frailty index (following a 
cumulative deficits model of frailty) was also calculated for each 
patient based on information found in medical records. This 
provided a score out of 11, with a score of 0 indicating an absence 
of frailty, and a score of 11 indicating the highest level of frailty 
[22]. 

PMA was measured at the mid L4 vertebral body on 
preoperative computed tomography (CT) scans. Where possible, 
3mm slice thickness was chosen for measurement, however if this 
was not possible, 5mm or 1mm slice thickness was chosen. 3mm 
slice thickness was the most common and thus was the preferred 
slice thickness for consistency. A radiologist assisted with 
initial training of one researcher. Following this, the researcher 
proceeded to calculate the PMA for the rest of the patients. If there 
were any uncertainties regarding the psoas muscle calculation, 
the primary researcher verified the measurement with the 
radiologist.

The primary outcome was survival (calculated as days from 
operation). Follow up date selected was 31/10/2020. Study 
end date, the date of final data collection, was 23/02/2021. 
Determining the survival was based on hospital death records. 
This was also checked by means of seeing whether the patient had 
attended subsequent appointments or had subsequent admissions 
in patients without hospital record of death. This was essential 
as in Western Australian hospital records as patient death is not 
always recorded unless the patient has died during a subsequent 
public hospital admission, or the hospital is formally informed. 
Patients who could not be confirmed to be alive (or dead) as of 
the 31/10/2020 were censored in the survival analysis at the last 
known date that they were alive.

Secondary outcomes were 30-day readmissions related 
to EVAR, discharge destination (home, residential care, 
rehabilitation), post-operative complications, and length of stay 
(LOS) measured in days. This project was approved under the 
GEKO (Governance, Evidence, Knowledge, Outcomes database 
used to register information about quality improvement studies 
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and clinical governance) system of WA Health, for projects deemed 
low- to negligible-risk to patients (GEKO#: 27118). 

Statistical Analysis

Results were presented as a measure of central tendency, i.e., 
median with inter-quartile range, mean with standard deviation or 
as frequency and proportion. Differences between groups assessed 
with an independent t-test, non-parametric Mann-Whitney U test, 
and Fisher’s exact test, where appropriate. Univariate correlations 
were quantified by Spearman’s (rho) correlation coefficients (Rs). 
Linear and logistic regression analysis determined the cross-
sectional association between exposure (PMA) and outcomes. 
Cox proportional hazards regression analysis determined the uni- 
and multi-variate association between the lowest tertile of psoas 
size for either sex with mortality. Multivariate models included 
further adjustment for age, body mass metrics, sex, and other 
comorbidities associated with mortality. 

Statistical significance was set at α=0.05 or 5% level. The 
statistical analysis was performed on Statistical Package for the 
Social Sciences (SPSS) Version 22.0 (IBM Corp.; Armonk, NY, USA).

Results

Of the 122 patients identified as having undergone an EVAR 
procedure, complete data was available for 97 (79.5%). Five 

patients were excluded as they did not meet inclusion criteria 
(3 due to age, 2 due to missing information about the type of 
operation performed). Eighteen patients were excluded as imaging 
was not available to ascertain PMA data. Although these patients 
had similar demographics and clinical characteristics to those 
who were included, the exception was a lower complication rate 
in the excluded patients, although this failed to reach statistical 
significance (44% vs. 22%, p=0.06). 

The study sample had a median age of 78 years, male 
preponderance (78.4%), and 79% were ex- or current smokers. 
Participants had a high prevalence of cardiovascular disease 
(85%, n=82/97), including coronary disease, cerebrovascular 
disease, hypertension, and peripheral vascular disease. 
Complications occurred in 44% of patients - the majority of which 
were categorized as ‘other’ (that is, not a fall, delirium, venous 
thromboembolism, bleeding, or infection). Most common was type 
1 and 2 endoleak (n=8, with one requiring surgical intervention) 
and ischaemic complications (n=6 -testicular infarct, 3 non-
ST elevation myocardial infarct, ischaemic lower limb, splenic 
infarct). Twenty-six (27%) patients had died by end of follow up. 
Twenty-six patients were unable to be confirmed to be alive at the 
time of follow up (31/10/2020). Median follow-up was 3.7 years 
with IQR 2.51 to 5.3 years (Range: 0.01 - 8.84 years) (Table 1).

Table 1: Characteristics of the patients included in the final analysis.

  Included (n=97)

Female, n (%) 21 (21.6%)

Male, n (%) 76 (78.4%)

Age, Median (IQR) 
Under 80, n (%) 

80 and above, n (%)

78.0 (73.0, 83.0) 
56 (57.7%) 
41 (42.3%)

Height, median (IQR) 171.0 (163.0, 178.5)

Weight, median (IQR) 83.7 (70.0, 95.5)

Body mass index, median (IQR) 27.9 (24.0, 31.0)

Comorbidity 
Any cardiovascular disease, n (%) 

Coronary heart disease, n (%) 
Cerebrovascular disease, n (%) 

Peripheral vascular disease, n (%) 
Hypertension, n (%) 
Renal failure, n (%) 

Diabetes, n (%)

82 (84.5%) 
45 (46.4%) 
17 (17.5%) 
13 (13.4%) 
67 (69.1%) 
24 (24.7%) 
20 (20.6%)

Smoking Ever, n (%) 
Non-smoker, n (%) 
Ex-smoker, n (%) 

Smoker, n (%)

77 (79.4%) 
20 (20.6%) 
56 (57.7%) 
21 (21.6%)
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Modified Frailty Index 
0, n (%) 
1, n (%) 
2, n (%) 
3, n (%) 
4, n (%) 
5, n (%) 
6, n (%) 
7, n (%)

 
5 (5.2%) 

20 (20.8%) 
31 (32.3%) 
16 (16.7%) 
10 (10.4%) 

8 (8.3%) 
5 (5.2%) 
1 (1.0%)

Modified Frailty Index Categories 
 0-1, n (%) 

2, n (%) 
≥3, n (%)

 
25 (26.0%) 
31 (32.3%) 
40 (41.7%)

Complicating factors, n (%) 
Fall(s) , n (%) 

Delirium, n (%) 
DVT or Pulmonary embolism, n (%) 

Bleeding requiring transfusion, n (%) 
Wound infection, n (%) 
Other infection, n (%) 

Other complications or comorbidity, n (%)

43 (44.3%) 
1 (1.0%) 
5 (5.2%) 
0 (0.0%) 
7 (7.2%) 
0 (0.0%) 
5 (5.2%) 

31 (32.0%)

Total LOS, median (IQR) 
Hospital LOS, median (IQR) 

Rehab LOS, median (IQR)

3.00 (3.00, 5.00) 
3.00 (3.00, 5.00) 
0.00 (0.00, 0.00)

Discharge Destination 
Home, n (%) 

Rehabilitation, n (%)

97 (100.0%) 
0 (0.0%)

Follow-up time, median (IQR) 3.70 (2.51, 5.29)

Readmission, n (%) 5 (5.2%)

Died, n (%) 26 (26.8%)

PMA exhibited pronounced age- and gender-specific 
differences. Female patients and those over >80 years of age 
had lower PMA. However, median PMA was similar for females 
patients regardless of age group. PMA was also shown to vary 
significantly by body mass index, with a higher BMI significantly 
associated with a higher than median PMA for sex and age. 
PMA was divided into tertiles, with comparison made between 
the lower tertile and upper 2 tertiles. Those in the lower tertile 
(PMA less than 1938 mm2 in males and less than 1202 mm2 in 
females) tended to be older, with a lower weight and BMI. Degree 
of frailty as per modified frailty index and comorbidities including 
cardiovascular disease, hypertension, renal failure, diabetes, 
and smoking status were similar in both groups. There was no 
significant difference in complications, readmissions, or LOS 
between the two groups, and no significant difference in length 
of follow-up. There was however a significant difference in crude 
5-year mortality following operation, with 35% (12) of those in 

the lowest tertile having died after 5 years compared with 17.5% 
(11) of those in the upper two tertiles (p=0.049), (Table 2). The 
lowest tertile of PMA for either sex was associated with 5-year 
mortality after elective EVAR surgery for asymptomatic infra-
renal AAA, as demonstrated by Kaplan Meier survival curve. This 
was maintained after adjustment for age, sex and BMI as per 
(Figure 1). 

There was a significant association also noted between the 
lower tertile of PMA for either sex, when adjusted for BMI, for 
increased risk of death (OR 3.53, 95%CI 1.21 -10.27, p=0.021) and 
increased LOS (β 0.33, 95%CI 0.04-0.63, p=0.028). However, there 
was no association between lower tertile PMA for complications 
in either gender (Table 3). 

Sensitivity Analysis

The lowest tertile of PMA for either sex after EVAR was 
associated with increased risk of 5-year mortality in the 
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unadjusted model (HR 2.31, 95%CI 1.02, 5.24; P=0.045), which 
remained after adjustment for BMI (HR 2.91, 95%CI 1.16, 7.34; 
P=0.023) and after adjustment for age, sex, and BMI (HR 2.50, 
95%CI 1.03, 6.07; P=0.043). The association between the lowest 
tertiles of PMA for either sex was attenuated by age-adjustment 
alone, but the association was strengthened after the inclusion 

of sex and body mass metrics. Lowest tertile PMA associated 
with an increased risk of 5-year mortality after adjustment for 
prevalent diabetes, cardiovascular disease and complications 
during admission. Modified Frailty Index minimally attenuated 
the association between lowest tertile of PMA and risk of 5-year 
mortality after EVAR procedure (Table 4).

Table 2: Comparison of upper two tertiles vs lower tertile of PMA measurements for either sex.

Upper 2/3 PMA for either sex (n=63) Lower 1/3 for either sex (n=34) Comparative statistics

Psoas measurement, median 
(IQR)

2658.0 (2356.0, 3013.0) 1889.9 (1563.4, 2062.0) 
<0.001

Range: 1571.4 - 3817.0 Range: 872.4 - 2269.0

Female, n (%) 14 (22.2%) 7 (20.6%) 0.852

PMA tertiles (females)

1, median (IQR)  
1202.9 (1066.2, 1524.7) 

<0.001 ##
Range: 1004.1 - 1563.4

2, median (IQR)
1711.9 (1675.8, 1788.1) 

  <0.001 ##
Range: 1571.4 - 1926.0

3, median (IQR)
2086.0 (2024.0, 2118.0) 

  <0.001 ##
Range: 1946.6 - 2156.0

Male, n (%) 49 (77.8%) 27 (79.4%) 0.852

PMA tertiles (males)

1, median (IQR)  
1938.0 (1730.2, 2080.0) 

<0.001 ##
Range: 872.4 - 2269.0

2, median (IQR)
2598.0 (2409.0, 2668.5) 

  <0.001 ##
Range: 2345.0 - 2728.0

3, median (IQR)
3071.0 (2963.0, 3279.0) 

  <0.001 ##
Range: 2737.0 - 3817.0

Age, median (IQR)
76.0 (71.0, 81.0) 81.0 (76.0, 85.0) 

0.016
Range: 58.0 - 92.0 Range: 65.0 - 91.0

Under 80, n (%) 41 (65.1%) 15 (44.1%)
0.046

80 and above, n (%) 22 (34.9%) 19 (55.9%)

Height, median (IQR)
171.8 (166.0, 179.0) 168.0 (162.0, 175.0) 

0.163
Range: 143.0 - 195.0 Range: 155.0 - 192.0

Weight, median (IQR)
86.0 (75.0, 98.0) 74.7 (63.0, 85.0) 

0.001
Range: 43.0 - 133.0 Range: 46.0 - 128.0

Body mass index, median (IQR)
28.8 (26.8, 32.5) 25.7 (22.9, 29.1) 

0.003
Range: 17.4 - 41.1 Range: 19.2 - 45.9

BMI= or > 30, n (%) 25 (43.1%) 6 (17.6%) 0.013

Comorbidity, n (%)

Any cardiovascular disease, n (%) 51 (81.0%) 31 (91.2%) 0.184

Coronary heart disease, n (%) 30 (47.6%) 15 (44.1%) 0.741

Cerebrovascular disease, n (%) 13 (20.6%) 4 (11.8%) 0.273

Peripheral vascular disease, n (%) 6 (9.5%) 7 (20.6%) 0.127

Hypertension, n (%) 43 (68.3%) 24 (70.6%) 0.812
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Renal failure, n (%) 16 (25.4%) 8 (23.5%) 0.839

Diabetes, n (%) 13 (20.6%) 7 (20.6%) 0.996

Smoking ever, n (%) 53 (84.1%) 24 (70.6%) 0.116

Smoking status, n (%) 
Non-smoker, n (%) 
Ex-smoker, n (%) 

Smoker, n (%)

 
10 (15.9%) 
39 (61.9%) 
14 (22.2%)

 
10 (29.4%) 
17 (50.0%) 
7 (20.6%)

0.282

Modified Frailty Index categories, n (%)

 0 - 1, n (%) 18 (29.0%) 7 (20.6%)

0.6622, n (%) 19 (30.6%) 12 (35.3%)

3, n (%) 25 (40.3%) 15 (44.1%)

LOS total, median (IQR)
3.0 (3.0, 5.0) 3.0 (3.0, 6.0) 

0.284
Range: 0.0 - 26.0 Range: 2.0 - 72.0

Complicating factors, n (%) 38 (60.3%) 18 (52.9%) 0.483

Other complication, n (%) 22 (34.9%) 9 (26.5%) 0.394

Fall, n (%) 0 (0.0%) 1 (2.9%) 0.171

Delirium, n (%) 3 (4.8%) 2 (5.9%) 0.812

Bleed transfusion, n (%) 4 (6.3%) 3 (8.8%) 0.653

Other infection, n (%) 2 (3.2%) 3 (8.8%) 0.23

Follow-up data, n (%)

Person-years, median (IQR)
4.3 (2.6, 5.3) 3.4 (1.8, 5.1) 

0.207
Range: 0.0 - 7.4 Range: 0.0 - 8.8

Readmission, n (%) 4 (6.3%) 1 (2.9%) 0.469

Died 5-years after operation, n (%) 11 (17.5%) 12 (35.3%) 0.049

Died ever, n (%) 14 (22.2%) 12 (35.3%) 0.165

Table 3: Association of the lower tertile of PMA for either sex with study endpoints.

  Coefficient (95%CI) P-value

Total length of stay, β (95%CI) 
Age-adjusted 

Weight-adjusted 
BMI-adjusted

0.22 (-0.07, 0.52) 
0.17 (-0.13, 0.47) 
0.21 (-0.09, 0.52) 
0.33 (0.04, 0.63)

0.133 
0.181 
0.168 
0.028

Complications, OR (95%CI) 
Age-adjusted 

Weight-adjusted 
BMI-adjusted

0.74 (0.32, 1.72) 
0.70 (0.30, 1.67) 
0.71 (0.29, 1.70) 
0.83 (0.34, 2.00)

0.483 
0.425 
0.438 
0.671

Death, OR (95%CI) 
Age-adjusted 

Weight-adjusted 
BMI-adjusted

2.58 (0.99, 6.72) 
2.17 (0.81, 5.83) 
2.92 (1.05, 8.11) 

3.53 (1.21, 10.27)

0.053 
0.123 
0.038 
0.021

Table 4: Association between the lowest tertile of PMA for either sex with 5-year mortality after EVAR procedure.

  HR (95% CI) P-value

Unadjusted 2.31 (1.02, 5.24) 0.045

 + age 2.01 (0.87, 4.64) 0.101

 + sex (male HR) 2.46 (1.08, 5.60) 0.033

 + age and sex 2.21 (0.95, 5.14) 0.067
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 + weight 2.43 (1.02, 5.78) 0.045

 + weight and age 2.22 (0.93, 5.32) 0.073

 + weight, age and sex 2.50 (1.03, 6.07) 0.043

 + BMI 2.91 (1.16, 7.34) 0.023

 + BMI and age 2.59 (1.02, 6.55) 0.045

 + BMI, age and sex 2.76 (1.08, 7.03) 0.034

 + obesity (BMI ≥ 30) 2.94 (1.17, 7.39) 0.022

 + obesity (BMI ≥ 30) and age 2.62 (1.02, 6.70) 0.045

 + smoking status 2.16 (0.94, 4.96) 0.07

 + smoking status and age 1.97 (0.85, 4.57) 0.115

 + cardiovascular disease 2.40 (1.04, 5.53) 0.041

 + renal disease 2.20 (0.97, 5.00) 0.059

 + diabetes 2.32 (1.02, 5.26) 0.044

 + modified Frailty Index 2.30 (0.99, 5.34) 0.054

 + complicating factors during admission 2.40 (1.05, 5.46) 0.038

Blue line = upper two tertiles of PMA
Red line = lowest tertile of PMA
Log-rank (Mantel-Cox) Chi-Square 4.25. P=0.039.

Figure 1: Figure 1a Kaplan-Meier curve and Figure 1b age-, sex, and body mass index-adjusted Cox proportional hazards regression curve 
of 5-year survival comparing the lower vs the upper-two tertiles of PMA for both male and female patients.

Discussion

This study reported a two-to-three-fold increase in 5-year 
mortality in the lowest tertile of PMA, which was strengthened 
after adjusting for age, sex, and BMI, in elderly patients undergoing 
elective EVAR for asymptomatic infrarenal AAA, in a single 
tertiary centre in Western Australia. This association was also 
strengthened after adjusting for cardiovascular disease, diabetes, 
and obesity, but was marginally attenuated with adjustment for 
frailty. The association between mortality and PMA has been 
observed in several studies before, showing a similar association 

between low PMA and higher mortality in the diverse EVAR 
population. Most studies are single centre, retrospective and 
heterogenous in nature. Drudi et al (open repair of AAA and EVAR) 
showed decreased 5-year mortality by 14% for a 1cm2 increase 
in PMA [14]. Lindstrom et al. (elective and emergency EVAR for 
infrarenal and more complex AAA) showed a lean PMA (calculated 
by Hounsfield units multiplied by total PMA) was independently 
associated with 26% reduced mortality per standard deviation 
increase of lean PMA, and more strongly associated with mortality 
than total PMA at L3 (22%) [18] respectively. Newton et al and 
Oliveira et al, (elective EVAR), also showed an association 
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between the lowest tertile of PMA with increased mortality, with 
OR of 3.9 [15] and HR of 4.1 respectively [19]. Similarly, Huber et 
al showed the lowest quartile of PMA was associated with reduced 
median survival time (65 months vs 91 months) (25). Karkkainen 
et al (fenestrated-branched EVAR) found reduced lean PMA had 
inverse correlations with major adverse events and mortality, and 
further showed in a prospective cohort similar correlation with 
mid-term survival and quality of life [16,17].

In opposition, Chowdury et al, (vascular patients admitted 
to vascular unit having had CT abdomen) did not show a link 
between PMA and mortality and readmission [11]. This opposing 
result may be due to the heterogeneity of the patient population 
examined - roughly 52% did not undergo EVAR, lower duration 
of follow up (12-24 months), and BMI not being accounted for as 
potential confounder. Indrakusuma et al (asymptomatic infrarenal 
AAA) did not find an association between PMA and survival in 
either EVAR/open repair or conservative management groups 
[12]. However, the surgical cohort was generally younger than 
other studies and again BMI was not accounted for as a potential 
confounding factor. 

The effect size of our study was smaller than in most other 
studies. This may be explained by our calculation of PMA by 
dimension, rather than lean PMA. Lindstrom et al. indicated 
that a stronger association is found with lean PMA rather than 
total PMA [18]. Frailty was not assessed in previous studies and 
differences in outcomes may be explained by differences in frailty. 
Furthermore, our study was specific to elective infrarenal AAA, 
whereas other studies had a significantly more heterogenous 
population, ranging from vascular surgery patients admitted 
who had CT abdomen, to patients undergoing EVAR for aortic 
aneurysmal disease in general.

The association between lowest tertile of PMA in either sex 
with 5-year mortality was attenuated by age-adjustment alone. 
This may be due to a narrowing of the differences in PMA with 
increasing age for either sex, or a lack of sufficient study power. 
The actual number of deaths in each arm was small and the older 
cohort and expected life expectancy make interpretation difficult. 
Additionally, “old age mortality advantage”, a phenomenon 
describing relative improved mortality in those 70-79 years, as 
compared to younger ages and other countries, may also explain 
the attenuation [23]. This result is also reflected in other studies 
[15,16]. Similarly, smoking status (seen in Karkkainen et al.) and 
the presence of underlying renal disease appeared to attenuate 
the association of PMA and mortality, again suggesting that PMA 
may be less useful in predicting mortality outcome in smokers or 
those with underlying renal disease [16]. 

The novelty of our study was the simultaneous measurement 
of frailty which minimally attenuated the association between 
5-year mortality and the lowest tertile of PMA suggesting that 
despite adjusting for frailty, the association between PMA and 
mortality remains. The impact of frailty, as mentioned previously, 

has not been formally assessed previously in any other study 
of PMA and outcomes in vascular patients. This reinforces the 
message that although there is intuitively a link between PMA / 
sarcopenia and frailty, the concepts are not interchangeable. It 
may imply that sarcopenia as assessed by PMA may be a better 
marker of mortality risk than measures of frailty. Our study did not 
show statistically significant associations between PMA and post-
operative complications, discharge destination and readmissions 
within 30 days. This may relate to many of the complications 
being technical or procedure related rather than due to lack of 
physiological reserve. The only studies looking at PMA and have 
published complication rates show overall surgical complication 
rates of 21.9% [18] and ‘post-operative complication’ of 27% 
[15]. Although this is much lower than our study, it is difficult 
to compare these as the former study references both open and 
endovascular aneurysm repair and the latter study does not 
describe what they mean by ‘post-operative complications’. The 
lack of association with complications would more likely be 
reinforced by the difference noted in complication rate in those 
patients who were excluded from the study due to lack of PMA 
data

There was a statistically significant association found between 
PMA and LOS after adjusting for BMI, however it is unlikely to be 
clinically significant at 8 hours or approximately one third of a day. 
Chowdury et al. did not show correlation with LOS or discharge 
destination, similar to this study [11]. However, this does contrast 
with Karkkainen et al [16]. The increased complexity of the 
operation (fenestrated-branched EVAR for thoracic and para-
renal aneurysms) may account for this, as well as the larger 
sample size (n=504). 

There is no clear consensus as to which value of PMA leads 
to increased mortality and poorer outcomes (8). In this study, 
the lowest tertile of PMA for men was less than 19.4 cm2 and for 
women, less than 12cm2. Other studies that have examined total 
psoas muscle area have a cut off for the lowest tertile of PMA at 
13cm2 and 24cm2, both measured at L4, which is the level we chose 
[14,15]. We also showed that PMA to be associated with age, sex 
and BMI as did all previous studies mentioned. The limitations to 
our study include: the retrospective nature of the study at a single 
metropolitan centre; the small sample size which contributes to 
lower statistical power; and missing data as a potential source of 
bias. Furthermore, European consensus guidelines on sarcopenia 
have been recently updated to place more emphasis on muscle 
strength (potentially measured by grip strength or chair stand 
test), with poor muscle performance (potentially measured by low 
gait speed) defining severe sarcopenia [8]. These new measures 
should be included in future studies [24-30].

Conclusions

Lower PMA is associated with 2.76 times increased mortality 
in patients undergoing EVAR for asymptomatic infrarenal AAA. 
However, it did not predict shorter term outcomes. Despite 
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adjusting for frailty, this association with PMA and mortality 
remains, which has not previously been assessed in other studies. 
Low PMA would be considered as less than 19.4cm2 in men and 
less than 12cm2 in women in this study, however further studies 
are required to determine what PMA would be best representative 
of sarcopenia and significantly worse mortality. As patients 
undergoing EVAR routinely have pre-operative CT scanning, 
PMA is an easy way to assess sarcopenia and to determine risk 
for operative management of these patients adding additional 
valuable information to risk stratification and indication for 
treatment in this group.
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