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ABSTRACT

Introduction

Frailty is a recognised predictor of poor outcome in patients undergoing surgical
intervention. Frailty is intricately linked with body morphology, which can be
evaluated using morphometric assessment via computerised tomographic (CT)
imaging. We aimed to assess the predictive power of such objective assessments in a

broad cohort of vascular surgical patients.

Patients and methods

A consecutive series of patients aged over 65 years admitted to a vascular unit, who
had undergone CT imaging of the abdomen, were analysed.

Demographic and patient specific data was collated alongside admission relevant
information. Outcomes included mortality, length of stay, healthcare related costs and
discharge destination. Images were analysed for four morphometric measurements: i)
psoas muscle area, ii) mean psoas density, iii) subcutaneous fat depth and iv) intra-

abdominal fat depth, all taken at the level of the fourth lumbar vertebra.

Results

Two hundred and ten patients were initially analysed. Forty four patients had
significant retroperitoneal and abdominal abnormalities that limited appropriate CT
analysis. Decreased subcutaneous fat depth was significantly associated with

mortality, readmission within 12 months and increased cost of healthcare (P < 0.01 —



adjusted for confounders). Psoas muscle area was significantly associated with

readmission-free survival.

Conclusions
Morphometric analysis predicts poorer outcome in a broad cohort of vascular surgery
patients. Such assessment is likely to enhance patient counselling regarding individual

risk as well as enhancing the ability to undertake risk modified surgical audit.

Keywords: morphometric analysis, vascular surgery



INTRODUCTION

The population worldwide is aging, with this observed trend of an aging population
predicted to continue over the next 20 years®?. For example, the proportion of people
over the age of 85 years within the UK set to increase by 109%, compared to a 7%
increase in the population of 15-64 year olds®. These predicted population statistics
will have major impact upon healthcare provision and associated socioeconomic
costs. Indeed, although current life expectancy has increased, this has not been
associated with a decline in mild to moderate disability rates?, which is in part likely

due to an increased burden of multiple chronic diseases.

Ageing is defined as the accumulation of changes in a human being over time®. This
encompasses physical changes, a result of damage at a molecular and cellular level,
psychological and social changes. However, these changes are neither linear with
increasing age nor consistent between two people of the same age.

Vascular disease has a strong association with age. This is common to all territories,
including the arterial and venous systems. Indeed, more than 20% of patients aged 80-
89 and 30% of patients aged 90-99 have disease in at least one vascular territory*. As
the population ages, this will cause a corresponding increase in demand for vascular
surgical intervention. Allied to this, continued improvements in minimally invasive

technology means that more older patients have the potential to be treated.

Frailty is a phenotype often seen within the older population. It is characterised by

reduced homeostatic reserves, leading to increasing vulnerability. It increases risk for



hospitalisation, falls, disability and mortality® and previous studies have shown

increasing frailty predicts poorer outcome in surgical patients® /8910,

Morphometric measures have long been used to predict outcomes in surgery*t1213,
and the increasing role of cross sectional imaging within secondary care increases the
availability of such data. Yet the evidence with regard to such factors is limited,

specifically within the high-risk group of vascular surgical patients.

As such, the aim of this study was to determine whether standard morphometric data
was able to predict short and mid term patient related adverse outcomes in older
vascular surgical patients, with a primary outcome of survival during follow-up and
secondary outcomes including length of in-hospital stay, discharge destination and

readmission-free survival.



METHODS

All patients admitted between 1 January 2012 and 31 December 2012 to the
Cambridge Vascular Unit were screened for inclusion. The cohort of patients
analysed was a subset of a database previously described by our group*. In addition
to the inclusion criteria of age at least 65 years and length of hospital stay two or more
days, which were used in previous work, we also included only those patients who
had had a computerised tomographic (CT) scan of the abdomen either during the
index admission or within the previous six months from the date of admission.
Patients were included irrespective of whether they underwent a surgical procedure or
not. Patients were followed up until 31 December 2013 with no deviation from
standard follow up requirements which varied for each patient. No data was collected
after the 31% December 2013. Data available included basic demographic
information, mode of admission, diagnosis, management, prolonged length of stay
(defined as greater than or equal to one week), discharge destination (whether to the
patient’s own home, a nursing/residential home, or another hospital), mortality and
readmissions (including readmission to the base hospital and other hospitals within
the vascular network). In addition we measured various frailty-specific factors
detailed previously*. These included age, sex, independent mobility on admission,
living alone, Katz score, Charlson comorbidity index, Waterlow score, history of
depression, previous admission to intensive care, primary admission diagnosis,
number of medications on admission, visual or hearing impairment, cognitive
impairment on admission, history of two or more falls in the past 12 months, anaemia,
evidence of malnutrition, and whether the admission was planned or emergent. The

hospital electronic records system is linked to the United Kingdom Office for



National Statistics for collection of mortality data. Data were collected as part of
routine service evaluation and no patient identifiable data are presented, so it was not

deemed necessary to seek ethical approval or retrospective consent for the study.

Morphometric analysis

CT images of the abdomen and pelvis were evaluated using GE Life Sciences™
workstations. Morphometric measurements were made independently by two
operators (NAZ and AWa), and the results averaged to improve accuracy.

Four measurements were determined for this study: psoas muscle area (PMA, mm?)
psoas muscle mean density (PMD, measured in Hounsfield units — Figure 1),
subcutaneous fat depth (SCF, mm) and intra-abdominal fat depth (IAF, mm — Figure

2).

Axial cross-sectional areas and densities of the left and right psoas muscles on axial
section at mid fourth lumbar vertebra (L4) level were processed using multi-planar
reconstruction (MPR). Outlines of the psoas muscles were traced using the area
calculation tool and densities were measured within the traced area using the region-
of-interest (ROI) tool. Fat thickness values were measured using the distance tool.
Subcutaneous fat depth measurements were made from the anterior abdominal wall
fascia to the skin, and IAF was measured from the L4 anterior vertebral body to the
anterior abdominal wall fascia. Patients with significant retroperitoneal or abdominal
abnormalities on the reference CT were excluded owing to the difficulty in accurately

assessing psoas area and density.



Statistical analysis

Analysis was performed using R statistical software version 3.1.1 (http://www.r-
project.org/foundation). The association between the four morphometric
measurements and the primary and secondary outcomes were assessed using both
univariate analysis and also multivariate analysis to allow correction for potential
confounders. For univariate analysis we used the Mann-Whitney U test for prolonged
length of stay and discharge destination, and the log-rank test for survival and
readmission-free survival. Confounder adjustment was performed by allowing all
measured covariates to be present in multivariate models and using stepwise
minimisation of Akaike’s Information Criterion'* to prevent overfitting. Measured
covariates were age, sex, independent mobility on admission, living alone, Katz score,
Charlson comorbidity index, Waterlow score, history of depression, previous
admission to intensive care, primary admission diagnosis, number of medications on
admission, visual or hearing impairment, cognitive impairment on admission, history
of two or more falls in the past 12 months, anaemia, evidence of malnutrition, and
whether the admission was planned or emergent which have all been defined
previously 1. Prolonged length of stay and discharge destination were modelled
using logistic regression®®, whereas survival and readmission-free survival was
modelled using Cox’ proportional hazards'®. Correlation was determined using the

Spearman’s Rank Correlation'’.



RESULTS

Between January 1% and December 31% 2012, 823 patients were admitted to the
Vascular Unit, of whom 210 satisfied the three inclusion criteria of age, duration of
admission and availability of CT imaging. The median age was 76 (range 65-94), and
follow-up was for a median of 18 months (range 12-24). One hundred and fifty seven
were male, and 53 were female with 87 being emergency admissions.

Thirty-one patients died within 12 months of admission, and a further seven died
during the second year of follow-up. Eight deaths were on the index admission. The
median length of stay was 6 days (range 2-93). The overall median readmission free

survival was 318 days (range 1-669).

In 44 of the patients, abdominal CT was unsuitable for morphometric measurements
due to significant abnormalities. These abnormalities precluded assessment of the
psoas muscle and as such this cohort were excluded from subsequent analysis
resulting in a final cohort of 166 patients. Reasons for CT related exclusions included
inflammatory intra-abdominal conditions and retroperitoneal haematoma (often
related to ruptured abdominal aortic aneurysms), making it impossible to accurately
record the size and density of the psoas muscle.

Of the 166 patients, 48 were female and the median age was 76 years with 64 patients
being emergency admission. Median length of stay was 11 days (range 2-74 days).
The admitting diagnosis for the 144 patients were as follows: 9 patients with lower
limb ulceration, 41 patients with chronic lower limb ischaemia, 6 patients with acute
lower limb ischaemia, 74 patients with AAA treated with EVAR, 15 patients with

AAA treated with open repair and 21 patients with other miscellaneous diagnoses.



Surgical interventions were as follows, EVAR 75, open AAA repair 15, major lower
limb amputation 5, infrainguinal lower limb bypass 20, common femoral
endarterectomy 5 and lower limb embolectomy in 4. The remaining 42 patients
underwent diagnostic / conservative management. The frailty specific factors are

tabulated in table 1. The overall median readmission free survival was 315 days.

Morphometric analysis

Overall values for the PMA, PMD, SCF and IAF are shown in Table 2.

Increased SCF depth was a significant predictor of survival in this cohort of patients
(P <0.001 — Table 3), and this association persisted after adjustment for confounders
(P <0.01 —Table 4). After adjustment for overfitting, significant confounders for
survival were patient age, Katz score, Charlson comorbidity index, Waterlow score,
emergent admission, frequent falls (at least 2 in the past 12 months), a history of
depression, and hearing impairment. When the SCF depth was split into quartiles the
lowest quartile was associated with the poorest outcome (P < 0.001 — Figure 3).
Median values of SCF for the four quartiles (Q1 — Q4) were 11, 15, 20 and 28 mm
respectively. None of the remaining three morphometric measurements were

significantly associated with survival.

Increased SCF depth was also associated with improved readmission-free survival (P
=0.04 — Table 3), as was reduced average psoas muscle area (P = 0.04 — Table 3), and
these associations also persisted following adjustment for confounding variables (P =
0.004 and P = 0.02 respectively — Table 4). After adjustment for overfitting,
significant confounders for readmission-free survival were patient sex, Katz score,

admission for a limb-related problem, and independent mobility on admission. No



morphometric measurements were associated with either prolonged length of stay or

discharge to a care facility.

Decreased SCF depth was also implicated in increased cost of healthcare (P <0.01),
remaining significant after adjustment for confounders. After adjustment for
overfitting, significant confounders for cost of healthcare were patient sex, Katz
score, Waterlow score, emergent admission, primary admission diagnosis, previous
admission to intensive care, visual or hearing impairment and evidence of
malnutrition on admission. None of the morphometric measurements were associated

with prolonged LOS or discharge destination.

When assessing correlations between the morphometric factors assessed we found a
positive correlation between psoas muscle area and intra-abdominal fat depth and a
weak negative correlation between psoas muscle mean density and intra-abdominal

fat depth (Table 5).



DISCUSSION

The data from this study suggests that vascular surgery patients with lower levels of
subcutaneous fat have an increased mortality rate, lower readmission free survival
rates with associated increased associated healthcare costs. Over the last one to two
decades body composition has been increasingly investigated and shown to predict
outcome in numerous patient groups. Data such as presented here is thus increasingly
relevant to vascular surgery as the population continues to age.

It is well recognised that as aging progresses there is age-related fat redistribution
with a reduction in subcutaneous fat mass yet an associated increase in overall fat
mass*®. Traditional teaching has suggested that obesity is a predictor of poor outcome
in general yet, the “obesity paradox”, a somewhat counterintuitive medical
hypothesis, suggests that obesity may actually be protective with associated increased
survival specifically in older patients and patients with chronic diseases such as renal
and cardiac failure®2°2%, Such a phenomenon is seen within vascular surgery patients
as a whole??2324 and specifically in lower limb surgical and endovascular
revascularisation?>2® and carotid surgery?’, although not in aneurysm surgery?®2%30,
While body mass index is suitable for population-based studies, it has well recognised
limitations when assessing individual patients including poor differentiation between
fat and muscle and an inability to determine fat distribution (e.g. central vs
peripheral). Morphometric analysis is able to analyse body composition in part due to
increasingly widespread used of computerised tomography (CT) in the diagnosis and
follow up of surgical patients. Such techniques have been well validated within the

surgical literature®’,



The majority of such data is in patients undergoing abdominal surgery including
surgery for intra-abdominal malignancy. Fat distribution has been shown to predict
poorer outcomes with fat composition predicting infective complications post Crohn’s
resection as well as following midline laparotomy3!2, Psoas muscle characteristics
predict both survival, length of stay and complication rates in a number of patients
groups*® undergoing abdominal surgery®*%®. Specifically, sarcopenia is associated
with higher healthcare costs®®2. Potential links between sarcopenia and potential
overall function in older, more vulnerable patients have been examined and one study
found that psoas characteristics predicted reduced mobility, poorer functional

performance with allied cognitive impairment in this specific cohort of patients .

Sarcopenia is the loss of skeletal muscle mass and strength as a result of ageing and
morphometric analysis allows quantitative evaluation specifically of muscle
composition. As such, morphometric analysis has been increasingly used to
determine both skeletal muscle mass as well as fat distribution using CT scans as the
primary imaging technique!#151639,

Sarcopenia specific studies (as apposed to BMI related studies) on vascular surgical
patients are somewhat sparse. One study published by Matsurbara et al suggested that
a binary diagnosis of sarcopenia (defined using muscle mass) predicted longer-term
mortality in patients with critical limb ischaemia®®. A further study by Lee et al
specifically analysed a cohort of patients undergoing abdominal aortic aneurysm
(AAA) repair. They found that there was a significant association between psoas
muscle area and postoperative mortality in a cohort of 262 patients with a mean
follow up of 2.3 years®!. This study is the first to examine such characteristics in a

broader vascular surgical cohort representative of everyday practice and given the



association in elderly patients, we specifically analysed patients over the age of 65

years.

The sarcopenia specific results from our study (reduced PSA associated with
increased readmission free survival) do not reflect the data from previous studies.
This may be due to the more heterogeneous group of patients analysed (ie. not
procedure of diagnosis specific) or may be location specific (a “healthier” set of

patients) but these require further exploration.

There are recognised limitations and possible areas of bias within this type of study.
Primarily this relates to the types of patients undergoing CT examination. Firstly the
study cohort was naturally restricted to those patients who had undergone a CT scan,
generally endovascular / open aortic repair and patients requiring more
comprehensive imaging prior to lower limb revascularization, yet this is reflective of
“real world” care. Furthermore, not all CT examinations were suitable for inclusion —
namely those patients with a ruptured AAA or large AAA’s that distort the outline of
the psoas muscle. Exclusion criteria were as per a previously published study and
were determined so as to exclude patients admitted overnight for observation after
minor procedures such as angioplasty or varicose vein procedures. The definition of
prolonged LOS as greater than or equal to one week, irrespective of diagnosis, was
chosen firstly as the median LOS within the whole patient cohort was 6 days, and
secondly as this was considered to be more than would be expected for the majority of
admissions. Similarly, we performed little subgroups analysis, specifically with
regard to admission diagnosis, as the number of patients in each group was too small
to make sound statistical analysis. Readmission was felt to be an appropriate outcome

measure as geriatric syndromes are well recognised cause of readmission which are



also associated with increased morbidity and higher costs and given the inclusion
criteria, such readmission were likely to be significant. Finally, while this study
suggests association between these morphometric findings and outcome it does not

show causality which requires more complex prospective longitudinal investigation.

The unique factors associated with an aging population means that there is a need for
reliable quantification of operative and non-operative risk specifically with regard to
enhancing our ability to predict both morbidity and mortality. Frailty itself is without
an all-encompassing definition and there is no single “gold standard” test. The
retrospective nature of this study has limited a comparison between various measures
of frailty. CT examination is becoming a more frequent medical investigation and it is
likely that although morphometric analysis on its own will not be the panacea when
determining patient outcome it is more likely to be used as part of a battery of
assessments that will ultimately predict short and longer term outcome. This will need
further assessment using large prospectively collated databases. Furthermore, it may
be that some of these predictors can be positively modified either prior to or on
admission to improve outcome and as such this study ultimately strengthens the
evidence for the need of in hospital multidisciplinary teams to address frailty
incorporating medical, nursing and allied health professionals. Finally, such markers
of sarcopenia may allow for appropriate patient counselling about individual risk yet
again prospective studies are required to confirm general applicability but further data
may strengthen surgical audit given the increasing drive towards publication of

surgeon-specific outcomes.

ACKNOWLEDGEMENTS

Nil acknowledgments need to be made for this paper.



SOURCES OF FUNDING

No funding was provided for this paper

CONFLICT OF INTEREST

The authors have no conflicts of interest to disclose



REFERENCES

L WHO, 2015. Ageing and Health, fact sheet No. 404. http://www.who.int/mediacentre/factsheets/fs404/en/

2 Office for National Statistics (2011). Statistical Bulletin. 2010 based population projections, October 2011

3 Bowen, Richard L.; Atwood, Craig S. (2004). "Living and Dying for Sex". Gerontology 50 (5): 265-90.
d0i:10.1159/000079125. PMID 15331856.

4 Nazir Savji, MA, Caron B. Rockman, MD, Adam H. Skolnick, MD, Yu Guo, MA, Mark A.

Adelman,MD, Thomas Riles, MD et al. Association Between Advanced Age and Vascular Disease in Different
Acrterial Territories : A Population Database of Over 3.6 Million Subjects. Journal of the American College of
Cardiology Volume 61, Issue 16, 23 April 2013, Pages 1736-1743

5 Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al Cardiovascular Health Study
Collaborative Research Group. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med

Sci. 2001 Mar;56(3):M146-56.

6 Partridge et al. Frailty in the older surgical patient: a review. Age Ageing. 2012

" Peng P, Van Vledder MG, Tsai S et al. Sarcopenia negatively impacts short-term outcomes in patients
undergoing hepatic resection for colorectal liver metastasis. HPB 2011;13: 439-46.

8 Lieffers R, Bathe OF, Fasshender K, Winget M, Baracos VE. Sarcopenia is associated with postoperative
infection and delayed recovery from colorectal cancer resection surgery. Br J Cancer 2012; 107: 931-6.

9 Ambler GK, Brooks DE, Al Zuhir N, Ali A, Gohel MS, Hayes PD et al. The effect of frailty on short and mid-
term outcomes in vascular surgical patients. Br J Surg 2015 102(6):638-45

10 Qakland K, Nadler R, Cresswell L, Jackson D, Coughlin PA. Systematic review and meta-analysis of the
association between frailty and outcome in surgical patients. Ann R Coll Surg Engl. 2016 Jan 7:1-6. [Epub ahead
of print] PMID: 26741674

11 Zakaria HM, Schultz L, Mossa-Basha F, Griffith B, Chang V. Morphometrics as a predictor of perioperative
morbidity after lumbar spine surgery. Neurosurg Focus. 2015 Oct;39(4):E5. doi: 10.3171/2015.7.FOCUS15257.
PMID: 26424345

12 Jones KI, Doleman B, Scott S, Lund JN, Williams JP. Simple psoas cross-sectional area measurement is a quick
and easy method to assess sarcopenia and predicts major surgical complications. Colorectal Dis. 2015
Jan;17(1):020-6. doi: 10.1111/codi.12805.

13 Miller et al. Worsening Central Sarcopenia and Increasing Intra-Abdominal Fat Correlate with Decreased
Survival in Patients with Adrenocortical Carcinoma. World J Surg 2012

14 Akaike H. A new look at the statistical model identification. IEEE Trans Automat Control 1974; 19: 716723

15 Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression (3rd edn). Wiley: New York, 2013



16 Cox DR. Regression models and life-tables. J R Stat Soc B 1972; 34: 187-220.

17 Best, DJ and Roberts, DE (1975) Algorithm AS 89: The upper tail probabilities of Spearman's rho. Applied
Statistics 24, pp. 377-9.

18 Hughes VA, Roubenoff R, Wood M, Frontera WR, Evans WJ, Fiatarone Singh MA. Anthropometric assessment
of 10-y changes in body composition in the elderly. Am J Clin Nutr. 2004 Aug;80(2):475-82.

19 Sharma A, Lavie CJ, Borer JS, Vallakati A, Goel S, Lopez-Jimenez F et al. Meta-analysis of the relation of body
mass index to all-cause and cardiovascular mortality and hospitalization in patients with chronic heart failure. Am
J Cardiol. 2015 May 15;115(10):1428-34. doi: 10.1016/j.amjcard.2015.02.024. Epub 2015 Feb 18.

20 Ahmadi SF, Streja E, Zahmatkesh G, Streja D, Kashyap M, Moradi H et al. Reverse Epidemiology of
Traditional Cardiovascular Risk Factors in the Geriatric Population.

J Am Med Dir Assoc. 2015 Nov 1;16(11):933-9. doi: 10.1016/j.jamda.2015.07.014. Epub 2015 Sep 9

21 Jialin W, Yi Z, Weijie Y. Relationship between body mass index and mortality in hemodialysis patients: a meta-
analysis. Nephron Clin Pract. 2012;121(3-4):¢102-11. doi: 10.1159/000345159. Epub 2012 Nov 22.

2 Nafiu OO, Kheterpal S, Moulding R, Picton P, Tremper KK, Campbell DA Jr et al. The association of body
mass index to postoperative outcomes in elderly vascular surgery patients: a reverse J-curve phenomenon. Anesth
Analg. 2011 Jan;112(1):23-9. doi: 10.1213/ANE.Ob013e3181fcc51a. Epub 2010 Dec 2.

2 van Kuijk JP, Flu W1, Galal W, Chonchol M, Goei D, Verhagen HJ et al. The influence of polyvascular disease
on the obesity paradox in vascular surgery patients. J Vasc Surg. 2011 Feb;53(2):399-406. doi:
10.1016/j.jvs.2010.08.048. Epub 2010 Oct 20.

24 Davenport DL, Xenos ES, Hosokawa P, Radford J, Henderson WG, Endean ED. The influence of body mass
index obesity status on vascular surgery 30-day morbidity and mortality. J Vasc Surg. 2009 Jan;49(1):140-7,
147.e1; discussion 147. doi: 10.1016/j.jvs.2008.08.052. Epub 2008 Nov 22.

% pitan O, Williams M, Obirieze A, Tran D, Rose D, Fullum T et al. Lower extremity arterial reconstruction in
obese patients. Am J Surg. 2015 Apr;209(4):640-4. doi: 10.1016/j.amjsurg.2014.12.012. Epub 2015 Jan 14.

2 Murata N, Soga Y, lida O, Yamauchi Y, Hirano K, Kawasaki D et al. Complex relationship of body mass index
with mortality in patients with critical limb ischemia undergoing endovascular treatment. Eur J Vasc Endovasc
Surg. 2015 Mar;49(3):297-305. doi: 10.1016/j.ejvs.2014.10.014. Epub 2014 Dec 15.

27 Jackson RS, Black JH 3rd, Lum YW, Schneider EB, Freischlag JA, Perler BA et al. Class | obesity is
paradoxically associated with decreased risk of postoperative stroke after carotid endarterectomy. J Vasc Surg.
2012 May;55(5):1306-12. doi: 10.1016/j.jvs.2011.11.135.

28 Johnson ON 3rd, Sidawy AN, Scanlon JM, Walcott R, Arora S, Macsata RA et al. Impact of obesity on
outcomes after open surgical and endovascular abdominal aortic aneurysm repair. J Am Coll Surg. 2010
Feb;210(2):166-77. doi: 10.1016/j.jamcollsurg.2009.10.011. Epub 2009 Dec 24.

29 Kent KC, Zwolak RM, Egorova NN, Riles TS, Manganaro A, Moskowitz AJ et al. Analysis of risk factors for


http://www.ncbi.nlm.nih.gov/pubmed/15277173
http://www.ncbi.nlm.nih.gov/pubmed/15277173
http://www.ncbi.nlm.nih.gov/pubmed/26363864
http://www.ncbi.nlm.nih.gov/pubmed/26363864
http://www.ncbi.nlm.nih.gov/pubmed/21127285
http://www.ncbi.nlm.nih.gov/pubmed/21127285
http://www.ncbi.nlm.nih.gov/pubmed/20965685
http://www.ncbi.nlm.nih.gov/pubmed/20965685
http://www.ncbi.nlm.nih.gov/pubmed/19028047
http://www.ncbi.nlm.nih.gov/pubmed/19028047
http://www.ncbi.nlm.nih.gov/pubmed/25686514
http://www.ncbi.nlm.nih.gov/pubmed/25686514
http://www.ncbi.nlm.nih.gov/pubmed/25524520
http://www.ncbi.nlm.nih.gov/pubmed/25524520
http://www.ncbi.nlm.nih.gov/pubmed/22542344
http://www.ncbi.nlm.nih.gov/pubmed/22542344
http://www.ncbi.nlm.nih.gov/pubmed/20113936
http://www.ncbi.nlm.nih.gov/pubmed/20113936
http://www.ncbi.nlm.nih.gov/pubmed/20630687

abdominal aortic aneurysm in a cohort of more than 3 million individuals. J Vasc Surg. 2010 Sep;52(3):539-48.
doi: 10.1016/j.jvs.2010.05.090. Epub 2010 Jul 13

30 Giles KA, Wyers MC, Pomposelli FB, Hamdan AD, Ching YA, Schermerhorn ML. The impact of body mass
index on perioperative outcomes of open and endovascular abdominal aortic aneurysm repair from the National
Surgical Quality Improvement Program, 2005-2007. J Vasc Surg. 2010 Dec;52(6):1471-7. doi:
10.1016/.jvs.2010.07.013. Epub 2010 Sep 16.

31 Lee JS, Terjimanian MN, Tishberg LM, Alawieh AZ, Harbaugh CM, Sheetz KH et al. Surgical site infection
and analytic morphometric assessment of body composition in patients undergoing midline laparotomy. J Am Coll
Surg. 2011 Aug;213(2):236-44. doi: 10.1016/j.jamcollsurg.2011.04.008. Epub 2011 May 20.

%2 Stidham RW, Waljee AK, Day NM, Bergmans CL, Zahn KM, Higgins PD et al. Body fat composition
assessment using analytic morphomics predicts infectious complications after bowel resection in Crohn's disease.
Inflamm Bowel Dis. 2015 Jun;21(6):1306-13. doi: 10.1097/M1B.0000000000000360.

33 Sabel MS, Terjimanian M, Conlon AS, Griffith KA, Morris AM, Mulholland MW et al. Analytic morphometric
assessment of patients undergoing colectomy for colon cancer. J Surg Oncol. 2013 Sep;108(3):169-75. doi:
10.1002/js0.23366. Epub 2013 Jul 11.

34 Engleshbe MJ, Lee JS, He K, Fan L, Schaubel DE, Sheetz KH et al. Analytic morphomics, core muscle size, and
surgical outcomes. Ann Surg. 2012 Aug;256(2):255-61. doi: 10.1097/SLA.0b013e31826028b1.

3 Engleshe MJ, Terjimanian MN, Lee JS, Sheetz KH, Harbaugh CM, Hussain A et al. Morphometric age and
surgical risk. J Am Coll Surg. 2013 May;216(5):976-85. doi: 10.1016/j.jamcollsurg.2013.01.052. Epub 2013 Mar
21.

36 Kirk PS, Friedman JF, Cron DC, Terjimanian MN, Wang SC, Campbell DA et al. One-year postoperative
resource utilization in sarcopenic patients. Surg Res. 2015 Nov;199(1):51-5. doi: 10.1016/j.jss.2015.04.074. Epub
2015 Apr 30.

37 Sheetz KH, Waits SA, Terjimanian MN, Sullivan J, Campbell DA, Wang SC et al. Cost of major surgery in the
sarcopenic patient. J Am Coll Surg. 2013 Nov;217(5):813-8. doi: 10.1016/j.jamcollsurg.2013.04.042. Epub 2013
Oct 9.

38 Miller AL, Min LC, Diehl KM, Cron DC, Chan CL, Sheetz KH et al. Analytic morphomics corresponds to
functional status in older patients. J Surg Res. 2014 Nov;192(1):19-26. doi: 10.1016/j.jss.2014.06.011. Epub 2014
Jun 11.

39 Fairchild B, Webb TP, Xiang Q, Tarima S, Brasel KJ. Sarcopenia and frailty in elderly trauma patients. World J
Surg. 2015 Feb;39(2):373-9. doi: 10.1007/s00268-014-2785-7.PMID:25249011

40 Matsubara Y, Matsumoto T, Aoyagi Y, Tanaka S, Okadome J, Morisaki K et al. Sarcopenia is a prognostic
factor for overall survival in patients with critical limb ischemia. J Vasc Surg. 2015 Apr;61(4):945-50. doi:

10.1016/j.jvs.2014.10.094. Epub 2014 Dec 10.


http://www.ncbi.nlm.nih.gov/pubmed/20630687
http://www.ncbi.nlm.nih.gov/pubmed/20843627
http://www.ncbi.nlm.nih.gov/pubmed/20843627
http://www.ncbi.nlm.nih.gov/pubmed/20843627
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=21601491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terjimanian%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=21601491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tishberg%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21601491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alawieh%20AZ%5BAuthor%5D&cauthor=true&cauthor_uid=21601491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harbaugh%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21601491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sheetz%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=21601491
http://www.ncbi.nlm.nih.gov/pubmed/21601491
http://www.ncbi.nlm.nih.gov/pubmed/21601491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stidham%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=25822011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waljee%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=25822011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Day%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=25822011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bergmans%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=25822011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zahn%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=25822011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higgins%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=25822011
http://www.ncbi.nlm.nih.gov/pubmed/25822011
http://www.ncbi.nlm.nih.gov/pubmed/25822011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sabel%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=23846976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terjimanian%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23846976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conlon%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=23846976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Griffith%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=23846976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23846976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mulholland%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=23846976
http://www.ncbi.nlm.nih.gov/pubmed/22791101
http://www.ncbi.nlm.nih.gov/pubmed/22791101
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23522786
http://www.ncbi.nlm.nih.gov/pubmed/23522786
http://www.ncbi.nlm.nih.gov/pubmed/23522786
http://www.ncbi.nlm.nih.gov/pubmed/25990695
http://www.ncbi.nlm.nih.gov/pubmed/25990695
http://www.ncbi.nlm.nih.gov/pubmed/24119996
http://www.ncbi.nlm.nih.gov/pubmed/24119996
http://www.ncbi.nlm.nih.gov/pubmed/25015750
http://www.ncbi.nlm.nih.gov/pubmed/25015750
http://www.ncbi.nlm.nih.gov/pubmed/25249011

4l Lee JS, He K, Harbaugh CM, Schaubel DE, Sonnenday CJ, Wang SC et al. Michigan Analytic Morphomics
Group (MAMG). Frailty, core muscle size, and mortality in patients undergoing open abdominal aortic aneurysm

repair. J Vasc Surg. 2011 Apr;53(4):912-7. doi: 10.1016/j.jvs.2010.10.111. Epub 2011 Jan 7

FIGURES


http://www.ncbi.nlm.nih.gov/pubmed/?term=Michigan%20Analytic%20Morphomics%20Group%20(MAMG)%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michigan%20Analytic%20Morphomics%20Group%20(MAMG)%5BCorporate%20Author%5D

Argai‘-éi 181mm2
Area2=1038mm?2

ROI1 Av=52.5HU
ROI2 Av=50:3HU

Figure 1. Psoas muscle area and mean density measurements using GE-Solutions™
workstation volume-viewer. At the level of L4 vertebral body, an area marker is
drawn around the borders of the psoas muscle which represents the psoas area in
mm?. A region of interest (ROI) is marked inside the psoas area which represents the
average density of the psoas muscle area in Hounsfield Units (HU).



Figure 2. Subcutaneous and intra-abdominal fat measurement using GE-Solutions™
workstation volume-viewer. At the level of L4 vertebral body, a measurement line is
drawn from the anterior abdominal skin surface to the linea alba which represents
subcutaneous fat thickness in mm. A second line is drawn from the linea alba to the
anterior surface of the vertebral body which represents intra-abdominal fat thickness
in mm.
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Figure 3. Kaplan-Meier survival curves for quartiles of subcutaneous fat depth.

TABLES



Frailty specific factor (n=166)

12 months*

Independent on admission* 128

Living alone* 52

Katz score 6 (6-6)
Charlson morbidity index 2 (1-4)
Waterlow score on admission 12 (9-15)
Depression* 13
Number of medication on admission 7 (1-10.75)
Visual impairment* 12
Hearing impairment* 15
Cognitive impairment* 6
Haemaglobin 12 (10.5 - 13.6)
Malnutrition* 19

More than 2 falls within the preceding 17

Table 1: Frailty specific factors analysed in the cohort of 166 patients with a Ct
deemed suitable for morphometric analysis. * number of patients. Other values are

median and interquartile range. Appropriate definitions of each factor can be found at

reference 11.

Median

Interquartile range




Subcutaneous fat depth 175 12.8 -22.7
(mm)

Intra-abdominal fat depth | 108 88.5-133.2
(mm)

Psoas muscle area (mm?) | 2253 1836 — 2717
Mean psoas density (HU) | 41.7 37.7-45.8

Table 2. Median and interquartile ranges for the four morphometric measurements.
HU: Hounsfield Units.

Survival Readmission- | Prolonged | Discharge
free survival LOS to Care
Subcutaneous | 0.0008 0.04 0.96 0.55

fat




Intra- 0.30 0.33 0.26 0.15
abdominal fat

Psoas muscle | 0.27 0.04 0.39 0.44
area

Mean psoas 0.18 0.16 0.95 0.75
density

Table 3. Univariate P-values assessing the association between morphometric
measurements and outcomes. Prolonged LOS: Length of Stay at least 7 days;

Discharge to Care: Patient either discharged to another hospital for rehabilitation, or
discharged to a care facility.

Survival Readmission-free Prolonged | Discharge
survival LOS to Care
Subcutaneous 0.009 0.004 0.40 0.35
fat (HR 0.92 (HR 0.96

95% C1 0.86-0.98)

95% C1 0.93-0.99)




Intra-abdominal | 0.39 0.71 0.96 0.50
fat (HR 1.01 HR 0.99

95% C10.99-1.02) | 95% CI10.99-1.01)
Psoas muscle 0.18 0.02 0.84 0.10
area (HR 0.99 (HR 1.00

95% C10.99-1.01) | 95% CI 1.00-1.01)
Mean psoas 0.27 0.18 0.13 0.85
density (HR 1.03 (HR (0.98

95% C1 0.98-1.09)

95% C1 0.95-1.01)

Table 4. Multivariate P-values after confounder adjustment assessing the association
between morphometric measurements and outcomes. Prolonged LOS: Length of Stay
at least 7 days; Discharge to Care: Patient either discharged to another hospital for
rehabilitation, or discharged to a care facility. HR: Hazard ratios, CI: confidence

intervals




Intra-abdominal fat | Psoas Muscle Psoas Muscle
depth Area Mean Density
Subcutaneous fat -0.04 0.09 0.04
depth
Intra-abdominal fat 0.552 -0.16°
depth
Psoas Muscle Area 0.02

Table 5. Correlation between morphometric variable assessed in this patient cohort. #
P = 1.2x107{-14}; ® P = 0.045 (Spearman Rank Correlation).



