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Abstract 42 

Introduction 43 

Frailty is a chronic condition with complex aetiology and impaired functional performance, 44 

which has been associated altered body composition and chronic inflammation. Chronic 45 

Limb Threatening Ischaemia (CLTI) carries significant morbidity and mortality and is 46 

associated with poor quality of life.  The present study aims to examine these relationships 47 

and their prognostic value in patients with CLTI. 48 

Methods 49 

Consecutive patients presenting as unscheduled admissions to a single tertiary centre with 50 

CLTI were included over a 12-month period. Frailty was diagnosed using the clinical frailty 51 

scale (CFS). Body composition was assessed using CT at the L3 vertebral level (CT-BC) to 52 

generate visceral and subcutaneous fat indices (VFI, SFI), skeletal muscle index (SMI), and 53 

skeletal muscle density (SMD). SMI and SMD were combined to form the CT-sarcopenia 54 

score (CT-SS). Systemic inflammation was assessed by the modified Glasgow Prognostic 55 

Score (mGPS). The primary outcome was overall mortality.   56 

Results 57 

There were 190 patients included with a median (IQR) follow-up of 22 (6) months (range 15-58 

32 months), and 79 deaths during the follow-up period. 100 patients (53%) had a CFS > 4. 59 

CFS > 4 (HR 2.14, 95% CI 1.25 – 3.66, p <0.01), CT-SS (HR 1.47, 95% CI 1.03 – 2.09, p 60 

<0.05), and mGPS (HR 1.54, 95% CI 1.11 – 2.13, p <0.01) were independently associated 61 

with increased mortality. CT-SS (OR 1.88, 95% CI 1.09 – 3.24, p < 0.01) was independently 62 

associated with CFS > 4. Patients with CT-SS 0 & CFS ≤4 had 90% (SE 5%) 1-year survival, 63 

compared with 35% (SE 9%) in patients with CT-SS 2 & CFS >4 (p <0.001). Patients with 64 
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mGPS 0 & CFS ≤ 4 had 94% (SE 4%) 1-year survival compared with 44% (SE 6%) in the 65 

mGPS 2 & CFS > 4 subgroup (p <0.001). 66 

Conclusions 67 

Frailty assessed by CFS was associated with CT-BC. CFS, CT-SS and mGPS were associated 68 

with poorer survival in patients presenting as unscheduled admissions with CLTI. CT-SS and 69 

mGPS may contribute to part of frailty and prognostic assessment in this patient cohort. 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

Jo
urn

al 
Pre-

pro
of



5 
 

Introduction 85 

Frailty is a complex multisystem disorder characterised by inferior functional status, loss of 86 

independence, and impaired physiological reserve[1], which can be assessed using validated 87 

scoring systems such as the Clinical Frailty Scale (CFS). An association between frailty and 88 

outcomes in surgical patients has been described, though the literature specific to vascular 89 

surgery is limited by heterogeneity in assessment methodology[2].  90 

Chronic Limb Threatening Ischaemia (CLTI) is considered the most severe form of 91 

peripheral arterial disease (PAD). CLTI is defined by the 2019 Global Vascular Guidelines 92 

(GVG) as “the presence of PAD in combination with rest pain, gangrene, or lower limb 93 

ulceration > 2 weeks duration”[3].  CLTI carries significant morbidity and mortality, and is 94 

associated with poor quality of life[3].  95 

Sarcopenia is characterised by progressive loss of skeletal muscle volume and progressive 96 

reduction in skeletal muscle function (EWGSOP2 definition), and is associated with frailty, 97 

increasing age, poor physiological reserve, and chronic illness[4]. The use of CT-derived 98 

body composition analysis (CT-BC) to measure sarcopenia has been widely performed in a 99 

range of patient cohorts, with majority of the literature based on patients with cancer[5], 100 

though there are studies describing a prognostic role of CT-BC in vascular cohorts[6][A]. The 101 

effect that body composition has on functional performance, including frailty, has been 102 

reported previously[7], though the evidence base in non-cancer patients is limited. The 103 

literature describing CT-BC in patients CLTI is limited to small series with heterogenous 104 

methodology[8–11], chief of which is a lack of standardised thresholds to determine 105 

abnormal CT-BC parameters. Validated CT-BC thresholds have been widely reported in 106 

patients with cancer[12], though these have not been widely described in non-cancer 107 

populations.  108 
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Activation of the systemic inflammatory response (SIR) is an aetiological factor in the 109 

development of sarcopenia[4], and has been associated with inferior prognosis in patients 110 

with and without cancer[13,14]. The modified Glasgow Prognostic Score (mGPS) is a 111 

prognostic inflammation-based scoring system originally described in patients with cancer 112 

and subsequently evaluated in a range of patient cohorts[15]. Activation of the SIR appears to 113 

be associated with inferior prognosis in patients with CLTI, though the evidence is limited to 114 

small series, and mGPS has not been evaluated in this patient group[16,17]. Furthermore, 115 

there appears to be an association between altered CT-BC parameters and activation of the 116 

SIR[18,19], though this association is poorly described in non-cancer populations. Finally, an 117 

association between clinical frailty and activation of the SIR has been reported[20]. 118 

The present study examines the association between clinical frailty, CT-BC, systemic 119 

inflammation, and survival in patients with unscheduled CLTI presentations to a single 120 

tertiary vascular surgical unit.  121 
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Materials & Methods 131 

Patient Selection 132 

This study was a retrospective analysis of a pre-existing prospectively maintained audit 133 

database. Consecutive patients presenting as unscheduled admissions with CLTI to a single 134 

tertiary vascular centre between January 2020 and June 2021 were prospectively recorded as 135 

part of ongoing institutional audit. West of Scotland Research Ethics Committee approval 136 

was obtained for the retrospective analysis of this database, which formed the cohort analysed 137 

in the present study (Reference 21/WS/0146; approval granted 23/11/2021). Due to the 138 

retrospective study design, individual patient consent was not required for ethical approval. 139 

CLTI was diagnosed by the on-call vascular surgical team, and our institutional practice is to 140 

consider CLTI as per the 2019 Global Vascular Guidelines definition[3]. The study 141 

recruitment period occurred during the height of the COVID-19 pandemic; due to uncertainty 142 

regarding the potential confounding effect of COVID-19 any patient with a positive COVID-143 

19 test within 1 month of admission was excluded. Patients who did not undergo CT-imaging 144 

for CT-BC, and patients with active malignancy (due to the potentially confounding effect on 145 

both CT-BC and systemic inflammation), were also excluded.  146 

Primary Outcome 147 

The primary outcome was overall mortality during the follow-up period. The secondary 148 

outcomes were 1-year mortality, chosen as this reflected a clinically relevant outcome in this 149 

patient group and the minimum follow-up interval, and major amputation-free survival at 1 150 

year. Outcome data were obtained from the Community Health Index (CHI) registry, a 151 

routinely available registry maintained at a national health board level and populated from 152 

both primary and secondary care data. Specific cause of death was not available from this 153 

registry. 154 
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Baseline Data Collection 155 

Clinical, demographic, and pathological data were recorded from electronic case records. 156 

Comorbidity was assessed using ASA, which was recorded from operative records and sub-157 

grouped (≤ 2 / > 2) in keeping with previous literature[21]. CFS was calculated on admission 158 

by the admitting medical team using an established institutional proforma, with visual 159 

prompts to aid clinicians’ assessment as per Rockwood et al[22]. CFS ≤4 (considered non-160 

frail) and >4 (considered frail) was used to subgroup patients for comparison, in keeping with 161 

widely reported values from other studies, which are used in existing clinical practice[23]. 162 

The presence of tissue loss was defined by the assessment made by the on-call vascular 163 

surgeon who documented presence of absence of tissue loss as part of their initial clinical 164 

review. Systemic inflammation was assessed by mGPS, calculated as previously described 165 

(supplemental table 1)[15], based on the first blood sample taken on unscheduled admission. 166 

In order to control for the potentially confounding effect of tissue loss on mGPS, sub-group 167 

analyses on patients presenting with no tissue loss were performed.  Nutritional state was 168 

assessed by Malnutrition Universal Screening Tool (MUST) score, which is routinely 169 

collected by nursing staff in NHS Health Boards as part of an admission proforma, with 170 

MUST ≥2 consider high risk for malnutrition. 171 

CT-derived body composition Analysis 172 

Body composition analysis was performed on CTs performed as part of existing patient care 173 

at the L3 vertebral level. Visceral fat area (VFA), subcutaneous fat area (SFA), skeletal 174 

muscle area (SMA), and skeletal muscle density (SMD) were manually measured using the 175 

freeware program ImageJ v1.53[24] using muscle tissue thresholds of -29 to + 150 176 

Hounsfield Units (HU), and adipose tissue thresholds of -190 to -30 HU. The areas obtained 177 

were normalised to height2 to generate visceral fat index (VFI), subcutaneous fat index (SFI), 178 

Jo
urn

al 
Pre-

pro
of



9 
 

and skeletal muscle index (SMI). In keeping with established methodology, SMD was not 179 

normalised.  To determine optimal thresholds for dichotomisation of body composition 180 

parameters into “High” and “Low” based on prognostic value, the “surv_cutpoint” function 181 

of the “survminer” R package was used, using the maximally selected rank statistic 182 

technique. Sex-specific thresholds were derived to account for the established variation in 183 

body composition between males and females. Image compromise precluding CT-BC was 184 

assessed on a case-by-case and a parameter-by-parameter basis, and images selectively 185 

excluded if compromise deemed substantial. CT-Sarcopenia Score (CT-SS) was calculated as 186 

per McGovern et al[25], with each of SMI and SMD assigned an integer value of 0 (High 187 

SMI/SMD) or 1 (Low SMI/SMD) and the combined score (range 0 -2) calculated. 188 

Statistical Analysis 189 

Differences between continuous variables were assessed using the Mann-Whitney Test, and 190 

differences between categorical variables using the Chi-Squared Test. Time-to-event analyses 191 

were calculated using the Kaplan-Meier method, with differences between cohorts assessed 192 

using the log-rank test. Within certain sub-groups, time to event survival data did not reach a 193 

median survival, therefore to ensure consistency of reporting throughout, the mean (95% CI) 194 

values are reported. The relationship between covariates and mortality was assessed using a 195 

Cox Proportional Hazards Model; covariates were initially interrogated in univariate analysis 196 

and those with univariate p <0.10 were included in a multivariate model. 1-year survival 197 

and % standard error were calculated in CFS, CT-Sarcopenia Score, and mGPS subgroups 198 

using censored survival data, and absolute differences compared. The predictive value of 199 

covariates on CFS (≤4/>4) was assessed using a binary logistic regression model; covariates 200 

were initially interrogated in univariate analysis and those with univariate p <0.10 were 201 

included in a multivariate model. Correlations between continuous variables were assessed by 202 
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Pearson correlation.  p values < 0.05 were considered statistically significant. Analyses were 203 

performed using IBM SPSS 28.0 and RStudio 2022.02.01. 204 

 205 

 206 

 207 

 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

Jo
urn

al 
Pre-

pro
of



11 
 

Results 223 

There were 190 patients included. Median (IQR) follow-up was 22 (6) months (range 15-32 224 

months). CFS was recorded in all patients; 100 (53%) had a CFS > 4. When compromised 225 

images were excluded on a parameter-by-parameter basis, there were 185 cases (VFI), 176 226 

cases (SFI), 185 cases (SMI), and 185 cases (SMD) available for analysis.  There were 79 227 

deaths during the follow-up period. Mean (95% CI) survival in the entire cohort was 21.1 228 

(19.2 – 23.0) months. Thresholds of body composition parameters associated with survival 229 

which were used to sub-group patients, and the number within each sub-group, are shown in 230 

Supplemental Table 2. Scatter plots of body composition parameters sub-grouped by CFS are 231 

shown in Supplemental Figure 1a) and 1b) respectively.  232 

The association between baseline clinicopathological characteristics, CT-derived body 233 

composition parameters, mGPS, and CFS > 4 is shown in Table 1. Age ≥ 75 (p < 0.001), 234 

female sex (p < 0.05), MUST ≥ 2 (p < 0.05), ASA > 2 (p < 0.001), elevated CT-Sarcopenia 235 

Score (p < 0.001), and elevated mGPS (p < 0.01) were all more prevalent in patients with 236 

CFS > 4, whilst high VFI (p < 0.01) was less prevalent in patients with CFS > 4. On 237 

multivariate analysis, age ≥ 75 (OR 2.21, 95% CI 1.07 – 4.56, p <0.05), ASA > 2 (OR 6.83, 238 

95% CI 2.10 – 22.22, p < 0.01), and CT-Sarcopenia Score (OR 1.88, 95% CI 1.09 – 3.24, p < 239 

0.01) were associated with CFS > 4. mGPS (OR 1.35, 95% CI 0.89 – 2.03, p = 0.16) was not 240 

independently associated with CFS > 4. 241 

Mean (95% CI) survival in the CFS ≤ 4 vs. CFS > 4 subgroups was 25.8 (23.5 – 28.2) vs. 242 

16.8 (14.2 – 19.5) months (p < 0.001, Figure 1). Mean (95% CI) survival in the high VFI vs. 243 

low VFI subgroups was 22.1 (19.6 – 24.7) vs. 19.9 (17.0 – 22.7) months (p = 0.26). Mean 244 

(95% CI) survival in the high SFI vs. low SFI subgroups was 22.2 (18.6 – 25.8) vs. 20.8 (18.5 245 

– 23.1) months (p = 0.48). Mean (95% CI) survival in the CT-Sarcopenia Score 0 vs. CT-246 
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Sarcopenia Score 1 vs. CT-Sarcopenia Score 2 subgroups was 25.4 (22.8 – 28.1) vs. 18.4 247 

(15.9 – 20.9) vs. 18.4 (15.9 – 20.9) months (p <0.001, Figure 2). Mean (95% CI) survival in 248 

the mGPS 0 vs. 1 vs. 2 subgroups was 27.2 (24.7 – 29.8) months vs. 24.4 (20.3 – 28.6) 249 

months vs. 17.1 (14.5 – 19.8) months (p < 0.001, figure 3). 250 

The relationship between baseline clinical characteristics, CT-derived body composition 251 

parameters, and mortality in the entire patient cohort is shown in Table 2. On univariate 252 

analysis, age > 75 (p <0.01), CFS > 4 (p <0.001), CT-Sarcopenia Score (<0.001), and mGPS 253 

(<0.001) were associated with increased mortality. On multivariate analysis, CFS > 4 (HR 254 

2.14, 95% CI 1.25 – 3.66, p <0.01), CT-Sarcopenia Score (HR 1.47, 95% CI 1.03 – 2.09, p 255 

<0.05), and mGPS (HR 1.54, 95% CI 1.11 – 2.13, p <0.01) were associated with increased 256 

mortality.  257 

Table 3 displays 1 year survival in patients sub-grouped by CT-Sarcopenia Score, mGPS, and 258 

CFS. There were significant trends towards inferior 1 year survival with both increasing CT-259 

SS and mGPS irrespective of frailty. Patients with CT-Sarcopenia Score 0 & CFS ≤4 had 260 

90% (SE 5%) 1-year survival, compared with 35% (SE 9%) in patients with CT-Sarcopenia 261 

Score 2 & CFS >4 (p <0.001). Patients with mGPS 0 & CFS ≤ 4 had 94% (SE 4%) 1-year 262 

survival compared with 44% (SE 6%) in the mGPS 2 & CFS > 4 subgroup (p <0.001). 263 

144 patients (79%) underwent inpatient revascularisation on the index admission included in 264 

the study period. The rate of intervention in patients with CFS ≤ 4 vs. CFS > 4 was 75 (86%) 265 

vs. 69 (73%) (p < 0.05). The rate of intervention in patients with CT-Sarcopenia Score 0 vs. 266 

CT-Sarcopenia Score 1 vs. CT-Sarcopenia Score 2 was 45 (80%) vs. 69 (86%) vs. 26 (62%) 267 

(p < 0.05). There was no difference in the rate of intervention between mGPS sub-groups (p 268 

= 0.81). 269 
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Sub-group analyses were performed on patients presenting without tissue loss (n = 33, 18%). 270 

There were 15 deaths during the follow-up period in this sub-group. On univariate analyses 271 

CT-Sarcopenia Score (HR 2.99, 95% CI 1.40 – 6.37, p <0.01) and mGPS (HR 2.19, 95% CI 272 

1.10 – 4.35, p <0.05) were associated with increased mortality, whilst CFS > 4 (HR 2.52, 273 

95% CI 0.85 – 7.42, p =0.09) was not. The low number of events in this sub-group precluded 274 

meaningful multivariate analyses. There was no difference in CT-Sarcopenia Score (p = 275 

0.83) or mGPS (p = 0.37) between patients with tissue loss and those without tissue loss. 276 

The overall 1-year major limb amputation rate in the entire study cohort was 28.4% (n = 54). 277 

The overall 1-year major limb amputation-free survival in the entire study cohort was 53.2% 278 

(n = 100). The rate of 1-year major limb amputation-free survival in patients with CFS ≤ 4 vs. 279 

CFS > 4 was 63.3% vs. 32.0% (p < 0.001). The rate of 1-year major limb amputation-free 280 

survival in patients with CT-Sarcopenia Score 0 vs. CT-Sarcopenia Score 1 vs. CT-281 

Sarcopenia Score 2 was 69.0% vs. 41.5% vs. 28.9% (p < 0.001). The rate of 1-year major 282 

limb amputation-free survival in patients with mGPS 0 vs. mGPS 1 vs. mGPS was 82.0% vs. 283 

64.3% vs. 25.7% (p < 0.001). On univariate analysis, tissue loss (p < 0.05), CFS > 4 (p < 284 

0.001), CT-Sarcopenia Score (p < 0.001), and mGPS (p < 0.001) were associated with 285 

increased odds of limb loss or death at 1 year. On multivariate analysis, CFS > 4 (OR 2.80, 286 

95% CI 1.35 – 5.78, p < 0.01) and mGPS (OR 3.36, 95% CI 2.15 – 5.25, p < 0.001) were 287 

associated with increased odds of limb loss or death at 1 year. 288 

 289 

 290 

 291 

 292 

 293 
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Discussion 294 

The present study reports for the first time the prognostic value of frailty, CT-derived body 295 

composition, and systemic inflammation in a real-world cohort of patients presenting with 296 

CLTI. Furthermore, we report an association between CFS and CT-Sarcopenia Score. CFS, 297 

CT-Sarcopenia Score, and mGPS were associated with poorer overall survival and limb 298 

salvage rates in patients presenting as unscheduled admissions with CLTI. Patients with 299 

elevated CFS or CT-Sarcopenia Score were less likely to undergo revascularisation. 300 

Moreover, these findings appear to be independent of disease severity, measured as 301 

presenting with or without tissue loss, an important potentially confounding factor in 302 

measuring the systemic inflammatory response. The addition of validated measures of tissue 303 

loss severity and presence of infection would improve the validity of the present conclusions 304 

and is an important area for further investigation. 305 

Frailty assessment as a prognostic factor as well as the endemic nature of frailty in patients 306 

with CLTI has been previously reported[2,26]. However, the association with body 307 

composition, and the prognostic factors evaluated in the present study, is a novel finding. The 308 

multifactorial aetiology of frailty is incompletely understood, however the association 309 

between frailty and activation of the systemic inflammatory response is emerging as an 310 

important component[7,20,27]. The lack of association between mGPS and CFS observed in 311 

the present study may reflect an underpowered study, however further investigation is 312 

warranted. Whilst CT-Sarcopenia Score and mGPS are more resource demanding to quantify 313 

than CFS, the independent prognostic value observed suggests a potential role in clinical 314 

prognostication as part of multimodal assessment. The manual analysis methods used in the 315 

present study are time-intensive limiting their utility; instead automated artificial intelligence-316 

based systems show promise in their application to routine clinical practice[28]. 317 
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Identifying a subset of patients with CLTI who are more likely to experience poor prognosis 318 

is a key aspect of the management of CLTI; indeed the recognition of tailored management 319 

strategy based on prognosis has been well described for almost 20 years since the landmark 320 

BASIL trial[29], and subsequently supported by other authors. Moreover, the recent BEST-321 

CLI study highlights inferior outcomes in a sub-group of patients, describing differences 322 

based on revascularisation strategy[30], complementing our hypothesis of patient-specific 323 

prognostic factors. Post-hoc analysis of systemic inflammation in the BEST-CLI cohort 324 

would be of particular interest and may contribute to our understanding of assessing 325 

prognosis in patients with CLTI. Optimal prognostic assessments are likely to be multimodal, 326 

and the results of the present study suggest that CFS, CT-Sarcopenia Score, and mGPS are 327 

potentially useful clinical tools. 328 

Whilst there are prior studies reporting inferior survival and limb salvage rates in sarcopenic 329 

patients, there was heterogeneity in the assessment of sarcopenia; Matsubara et al[9] reported 330 

skeletal muscle area without normalisation, and Taniguchi et al[8] report psoas muscle index 331 

(normalised to height2). Normalisation of CT-derived muscle parameters is widely accepted 332 

to be the superior technique in patients with cancer, with SMI considered to be the superior 333 

parameter for prognostication [31]. The present study attempts to resolve these 334 

methodological concerns and provide a uniform framework for the future reporting of body 335 

composition related prognostication in this patient group. A benefit to the use of CT-336 

Sarcopenia Score compared with either SMI or SMD in isolation, is the more holistic 337 

assessment of sarcopenia, incorporating both muscle mass (SMI) and muscle function (SMD) 338 

as per the EWGSOP2 definition of sarcopenia[4]. Loss of skeletal muscle is a key feature of 339 

sarcopenia, which has a well described association with poor prognosis[32]. Sarcopenia is 340 

predominantly described in patients with cancer, however there is an increasing recognition 341 

of the prevalence of sarcopenia in a range of chronic conditions[33].  342 
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Chronic inflammation is increasingly being recognised as the key feature in the development 343 

of atherosclerosis, though the precise aetiopathological mechanisms remain undefined[34]. 344 

The present study demonstrated that, even in patients without tissue loss, a baseline elevated 345 

magnitude of systemic inflammation conferred inferior prognosis, highlighting a potential 346 

clinically relevant target for intervention. The CANTOS trial demonstrated a reduction in 347 

cardiovascular events following IL-1β blockade in patients with ischaemic heart disease 348 

compared with placebo[35]. IL-1β blockade in patients with PAD has been investigated, and 349 

an improvement in walking distance reported, however these data are derived from small 350 

patient groups and require validation[36]. A key limitation of this therapeutic strategy is the 351 

increased risk of significant infection, which was noted by the CANTOS authors. Further 352 

prospective studies are required, in particular in a patient cohort presenting without tissue 353 

loss, to evaluate the effect on long-term prognosis as well as limb salvage rates. Moreover, 354 

serial inflammatory profiling in this patient cohort may help to clarify the effect that 355 

revascularisation has on systemic inflammation; if systemic inflammation were to persist 356 

despite successful revascularisation the rationale for immunomodulation may be 357 

strengthened.  358 

Chronic activation of the SIR is associated with sarcopenia, which is also associated with the 359 

frailty syndrome[37]. Furthermore, systemic inflammation is also associated with increasing 360 

fatigue, reduced function, and reduced quality of life in older adults[38]. The majority of 361 

studies to date report CRP levels rather than using the parameters in this study which provide 362 

a more holistic representation of systemic inflammation[39]. Defining the specific 363 

relationship between frailty and SIR and the mechanism therein warrants further study, and 364 

may contribute to the development of novel prognostic scoring systems assessing both frailty 365 

and systemic inflammation. 366 

 367 
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Limitations 368 

In the present study there were a number of limitations. A relatively small sample size was 369 

studied and therefore limits the generalisability of our conclusions. The study is also limited 370 

by retrospective single centre design. Use of the Society for Vascular Surgery Wound 371 

Ischaemia and Foot Infection (WIfI[40]) Score may have allowed for us to more 372 

comprehensively describe the cohort, however WIfI scores were not available for the 373 

majority of patients in the present study. Moreover, adjusting for WIfI scores may be useful 374 

in reducing the potential bias introduced through the confounding effect of tissue damage or 375 

infection on the systemic inflammatory response. Despite this, the primary outcome of the 376 

present study was mortality, and whilst the association between WIfI and limb salvage 377 

appears to be growing, there remain conflicting reports of the association between WIfI and 378 

mortality[41,42]. The thresholds of CT-derived body composition parameters were derived 379 

from the dataset reported in this study, introducing a potential source of bias, and these 380 

thresholds require external validation. 381 

Conclusions 382 

Frailty assessed by CFS was independently associated with CT-derived body composition. 383 

CFS, CT-Sarcopenia Score, and mGPS were independently associated with poorer survival in 384 

patients presenting as unscheduled admissions with CLTI.  Therefore, frailty assessment in 385 

these patients should include a measure of the systemic inflammatory response and body 386 

composition. Multimodal prognostic assessment including CFS, CT-Sarcopenia Score, and 387 

mGPS is a potential novel clinical tool. 388 

 389 

 390 

 391 
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Figure Legends 392 

Figure 1: Kaplan-Meier survival plots and life table in patients presenting acutely with 393 

chronic limb threatening ischaemia when sub-grouped by CFS, p < 0.001(log-rank method). 394 

Figure 2: Kaplan-Meier survival plots and life table in patients presenting acutely with 395 

chronic limb threatening ischaemia when sub-grouped by CT-SS, p < 0.001(log-rank 396 

method). 397 

Figure 3: Kaplan-Meier survival plots and life table in patients presenting acutely with 398 

chronic limb threatening ischaemia when sub-grouped by mGPS, p < 0.001(log-rank 399 

method). 400 

Supplemental Figure 1: Scatter plots of a). SFI (cm2/m2) vs. VFI (cm2/m2) and b). SMI 401 

(cm2/m2) vs. SMD (HU) in patients presenting acutely with chronic limb threatening 402 

ischaemia, sub-grouped by CFS. 403 
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Table 1: The association between baseline clinical characteristics, CT-BC parameters, systemic 551 

inflammation, and CFS in patients presenting acutely with chronic limb threatening ischaemia. 552 

 CFS ≤4 

(n = 90) 

CFS >4 

(n = 100) 

 Univariate Multivariate 

 n (%) n (%) p CFS >4 CFS >4 

Age ≥75 22 (24%) 56 (56%) <0.001 3.93 

2.11 – 7.33 

p <0.001 

2.21 

1.07 – 4.56 

<0.05 

Female Sex 

 

26 (29%)  46 (46%) <0.05 2.10 

1.15 – 3.83 

<0.05 

1.08 

0.42 – 2.82 

0.88 

BMI ≥ 25 58 (64%) 57 (57%) 0.30 0.73 

0.41 – 1.31 

0.30 

- 

MUST ≥ 2 4 (5%) 

 

 

15 (15%) 

 

<0.05 3.80 

1.12 – 11.91 

<0.05 

2.25 

0.51 – 9.92 

0.28 

ASA > 2 

 

64 (74%) 93 (95%) <0.001 6.39 

2.30 – 17.76 

<0.001 

6.83 

2.10 – 22.22 

<0.01 

Tissue Loss 

 

 

72 (81%)  83 (84%) 0.30 1.23 

0.57 – 2.60 

0.60 

- 

High VFI 

 

58 (65%) 41 (42%) <0.01 0.40 

0.22 – 0.72 

<0.01 

0.47 

0.19 – 1.19 

0.11 

High SFI 24 (28%) 28 (31%) 0.71 1.13 - 
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  0.59 – 2.16 

0.71 

CT-SS 

0 

1 

2 

 

41 (46%) 

34 (38%) 

14 (16%) 

 

17 (18%) 

48 (50%) 

31 (32%) 

 

<0.001 

 

2.38 

1.55 – 3.64 

<0.001 

 

1.88 

1.09 – 3.24 

<0.05 

mGPS 

0 

1 

2 

 

31 (35%) 

16 (18%) 

41 (47%) 

 

19 (19%) 

12 (12%) 

68 (69%) 

 

<0.01 

 

1.68 

1.19 – 2.36 

<0.01 

 

1.35 

0.89 – 2.03 

0.16 

Comparisons between sub-groups of CFS performed using linear-by-linear Chi-Squared analysis. 

Binary logistic regression results presented as OR; 95% CI; p value. For covariates with >2 

subgroups, the first category was considered as the reference category. 
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Table 2: The relationship between baseline clinical characteristics, CT-BC parameters, systemic 564 

inflammation, and mortality in patients presenting acutely with chronic limb threatening ischaemia 565 

described by cox proportional hazards models (n=190). 566 

  Univariate Multivariate 

 n HR 95% CI p HR 95% CI p 

Age (≤ 75 / > 75) 112 (59%) / 78 

(41%) 

1.87 1.20 – 

2.92 

<0.01 1.25 0.78 – 

2.03 

0.36 

Clinical Frailty Score > 4 100 (53%) 3.12 1.89 – 

5.15 

<0.001 2.14 1.25 – 

3.66 

<0.01 

Female Sex 72 (38%) 1.11 0.71 – 

1.75 

0.65 - - - 

BMI (< 25 / ≥ 25 kg/m2) 75 (40%) / 115 

(60%) 

0.82 0.53 – 

1.29 

0.39 - - - 

MUST (< 2 / ≥ 2 ) 169 (90%) / 19 

(10%) 

2.38 0.51 – 

11.0 

0.27 - - - 

ASA (≤ 2 / > 2)  27 (15%) / 157 

(85%) 

1.83 0.84 – 

3.98 

0.13 - - - 

Tissue Loss on presentation 155 (82%) 0.96 0.54 – 

1.71 

0.88 - - - 

High VFI  99 (54%)  0.77 0.49 – 

1.21 

0.25 - - - 

High SFI  52 (30%) 0.83 0.49 – 

1.40 

0.49 - - - 

CT-SS (0 / 1 / 2) 58 (32%) / 82 

(44%) / 45 

(24%) 

2.01 1.48 – 

2.74 

<0.001 1.47 1.03 – 

2.09 

<0.05 
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mGPS (0 / 1 / 2) 50 (27%) / 28 

(15%) / 109 

(58%) 

1.92 1.40 – 

2.62 

<0.001 1.54 1.11 – 

2.13 

<0.01 

HR: hazard ratio describing hazard of all-cause mortality during the follow-up period generated through cox 

proportional hazards analysis. For covariates with >2 subgroups, the first category was considered as the reference 

category. 
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Table 3:  1 year survival and standard error in patients presenting acutely with chronic limb 583 

threatening ischaemia when sub-grouped by CT-BC parameters, mGPS, and CFS. 584 

  CFS ≤ 4  CFS > 4  

 n 1yr OS (%SE) n 1yr OS (%SE)  

CT-SS 0 41 90% (SE 5%)  17 82% (SE 9%)  p = 0.08 

CT-SS 1 34 79% (SE 7%)  48 56% (SE 7%)  p < 0.05 

CT-SS 2 14 71% (SE 12%)  31 35% (SE 9%)  p = 0.09 

  p < 0.05   p < 0.05   

mGPS 0 31 94% (SE 4%)  19 84% (SE 8%)  p < 0.05 

mGPS 1 16 94% (SE 6%)  12 67% (SE 14%)  p < 0.05 

mGPS 2 41 71% (SE 7%)  68 44% (SE 6%)  p < 0.05 

  p < 0.05   p < 0.01   

*1yr OS; 1 year overall survival. SE; standard error.  
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Supplemental Table 1: Calculation of the modified Glasgow Prognostic Score 596 

Modified Glasgow Prognostic Score (mGPS) 

CRP ≤ 10 mg/L Albumin ≥ 35 g/L mGPS 0 

CRP ≤ 10 mg/L Albumin < 35 g/L mGPS 0 

CRP > 10 mg/L Albumin ≥ 35 g/L mGPS 1 

CRP > 10 mg/L Albumin < 35 g/L mGPS 2 
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Supplemental Table 2: Classification of abnormal CT-derived body composition and number in each 613 

sub-group in a cohort of patients presenting acutely with chronic limb threatening ischaemia. 614 

High visceral fat index (VFI) N (%) 

Males >40cm2/m2 91 (78%) 

Females >114cm2/m2 8 (12%) 

Total 99 (54%) 

High subcutaneous fat index (SFI)  

Males >80cm2/m2 22 (20%) 

Females >103cm2/m2 30 (46%) 

Total 52 (30%) 

Low skeletal muscle index (SMI)  

Males <40cm2/m2 26 (22%) 

Females <41cm2/m2 31 (45%) 

Total 57 (31%) 

Low skeletal muscle density (SMD)  

Males <37 HU 69 (60%) 

Females <37 HU 46 (67%) 

Total 115 (62%) 

CT-Sarcopenia Score (CT-SS)  

CT-SS 0  High SMI & High SMD 58 (32%) 

CT-SS 1 Low SMI & High SMD OR 

High SMI & Low SMD 

82 (44%) 

CT-SS 2 Low SMI & Low SMD 45 (24%) 
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  Interval (Months) 

  0 6 12 18 24 

Number at 

Risk 

CFS ≤ 4 90 79 75 60 18 

CFS > 4 100 65 55 41 19 

Figure 1: Kaplan-Meier survival plots and life table in patients presenting acutely with chronic 

limb threatening ischaemia when sub-grouped by CFS, p < 0.001(log-rank method). 
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  Interval (Months) 

  0 6 12 18 24 

Number at 

Risk 

CT-SS 0 58 54 51 45 15 

CT-SS 1 82 60 54 40 16 

CT-SS 2 45 26 21 15 6 

Figure 2: Kaplan-Meier survival plots and life table in patients presenting acutely with chronic 

limb threatening ischaemia when sub-grouped by CT-SS, p < 0.001(log-rank method). 
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  Interval (Months) 

  0 6 12 18 24 

Number at 

Risk 

mGPS 0 50 47 45 29 11 

mGPS 1 28 26 23 13 5 

mGPS 2 109 68 59 31 8 

Figure 3: Kaplan-Meier survival plots and life table in patients presenting acutely with 

chronic limb threatening ischaemia when sub-grouped by mGPS, p < 0.001(log-rank method). 
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