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CT imaging analysis for skeletal muscle assessment

. . . . Determine skeletal muscle index:
Axial plane image at L3 Upload to sliceOmatic :
skeletal muscle cross-sectional area

from routine-care CT software and analyse (cm?) / height (m?)
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Image adapted from:
National Cancer Institute SEER Training Modules (copyright-free)
Sliceomatic: tomovision.com/products/sliceomatic.html
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General causes of lean tissue loss

Sedentary Chronic
lifestyle disease

Acute

Ageing illness

Loss of

LBM/FFM/SMM

Colloca et al. J Geriatric Oncology 2019
Prado et al. Clinical Nutrition 2022
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Consequences of lean tissue (skeletal muscle) loss in cancer

Skeletal muscle index below sex-specific cut points (i.e. low SMM) is associated with poor cancer outcomes:

4 1 N\ 7@ N Shorter overall el
(L lﬂ\ surviva postoperative
/I “ ‘\\ ” ‘l ' \’ complications
Example SMI cut point: ( ) ( | «,
| Increased Earl
41cm?/m? females " " “ " chemotherapy arlier cancer
43cm?2/m?2 males with BMI <25 i M\ toxicity recurrence

53cm?2/m? males with BMI >25

Low SMM occurs independent of BMI

Prado et al. J Cachexia Sarcopenia Muscle 2020
Martin et al. J Clinical Oncology 2013
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What about bariatric surgery?

J muscle protein /P muscle breakdown
synthesis

(compensation for
caloric restriction, amino
o acids required for
(\-protein intake) metabolic processes)

J, dietary protein intake T muscle breakdown

(reduced physical activity

. - clinical guidelines
(post-surgery dietary recommend gradual

restriction e.g. 500- increase in exercise post-
800kcal/day) Additional surgery)

losses of
LBM/FFM/SMM

Nuijten et al. Obesity Reviews 2021
Tabesh et al. Obesity Surgery 2019
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Lean tissue loss after bariatric surgery

Received: 28 June 2021 | Revised: 9 September 2021 | Accepted: 9 September 2021
DOI: 10.1111/0br.13370

OBESITY
BARIATRIC SURGERY/OUTCOMES WILEY

The magnitude and progress of lean body mass, fat-free mass,
and skeletal muscle mass loss following bariatric surgery: A
systematic review and meta-analysis

Malou A.H. Nuijten? ® | Thijs M.H. Eijsvogels'® | Valerie M. Monpellier?
Ilgnace M.C. Janssen®® | Eric J. Hazebroek®® | Maria T.E. Hopman?

First published meta-analysis, 59 studies:

e 20 studies measured Fat Free Mass (FFM)

e 37 studies measured Lean Body Mass (LBM, i.e. FFM excluding bone)

* 3 studies measured Skeletal Muscle Mass (SMM, i.e. LBM excluding organs, water)
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3 months after bariatric surgery

LBM
Study N Effect SE
Visit = <3 months
Clements (2011) 30 -7.70 1.74 —=
Cole (2017) 5 -580 8.07
Diniz-Sousa (2020) 20 -6.30 097 -3
Legro (2012) 27 -500 0.75
Lubrano (2004) 45 -290 209
Maimoun (2019) 30 570 217 —&—
Rabl (2014) 12 -420 6.09 S
Rabl (2014) 8 -360 354 —
Tacchino (2003) 101 -020 124 -
Werling (2015) 6 -3.00 258 —&1
Overall effect 284 <
Heterogeneity: 12 = 56%, 1° = 2.1783, x: = 2

* -4.45kg LBM within 3 months

Mean 95%ClI

770 [11.12;-4.28]
-5.80 [-21.61; 10.01]
630 [-8.21;-4.39]
500 [-6.47;-353]
290 [-6.99; 1.19]
570 [-9.95;-1.45]
420 [-16.14; 7.74]
360 [-10.54; 3.34]
020 [-263; 2.23]
300 [-8.05; 2.05]
-4.45 [-6.21;-2.70]

FF
Study N Effect SE
Visit = <3 months

Busetto (2000) 6 -520 098
Cole (2017) 5 -580 848
Hirsch (2020) 15 -410 317
Kayser (2017) 21 -6.70 1.92
Kayser (2017) 21 -310 178
Sajoux (2019) 24 740 281
Sergi (2003) 6 -1.30 1.28
Overall effect 98

Heterogeneity: I° = 38%, ©° = 1.2860, x5 = 9.6 (p = 0.14)

e -4.25kg FFM within 3 months

Mean 95%CI

- 520 [-7.11:-329]
-5.80 [-22.43; 10.83]

S 410 [-1031; 2.11]
e .70 [-10.46;-2.94]
e 310 [-659: 0.39]
—— 7.40 [-12.92; -1.88]
— -1.30 [-3.80; 1.20]

< -4.25 [-6.30; -2.20]

SMM

Study N Effect SE

Visit = 3 to <6 months

Kenngott (2019) 30 -210 1.08
Overall effect 30

Heterogeneity: not applicable

e -2.10kg SMM within 3-6 months (one study)

Mean 95%CI

210 [-4.22; 0.02]
-2.10 [-4.22; 0.02)

r
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Visit =12 months
Calleja-Fernandez (2015) 46 -7.31 186 — -7.31 [-10.96; -3.66)
Carrasco (2009) 42 1070 1.05 - 10.70 [-12.76; -8.64]
LBM Cole (2017) 5 780 793 _— 780 [-23.34; 7.74]
Loivl Johnson (2017) 15 930 306 — 930 [15.31;-3.29]
Visit=12 months Khoo (2014) 30 -820 070 -~ 820 [-9.57;-6.83]
Avrhire (2018) 26 -707 3.02 —_— -7.07 [-12.99;-1.15) Mmgrone (2002) 15 -1450 251 —_— -1450 [-19.42;-9.58]
Bazzocchi (2015) 29 535 275 — 535 [10.74; 0.04] Mingrone (2002) 31 -880 131 e 8.80 [11.37;-6.23]
Beckman (2017) 20 -10.00 237 e -10.00 [-14.64;-5.36] Savastano (2010) 45 080 125 — 080 [-324; 164)
Blom-Hegestol (2020) 34 620 255 — 6.20 [11.19;-1.21] Tan (2016) 12 744 290 — 744 [-13.13;-1.75)
Brzozowska (2020) 10 -280 303 - -280 [-8.75; 3.15) Tan (2016) 10 -7.07 501 B — 707 [-16.88: 2.74]
Brzozowska (2020) 21 580 244 . 580 [10.58;-1.02] i - i 107
Brzozowska (2020) 7 600 532 _ 600 [16.43; 443] oot (2019) ey 1230 494 - 2% [[_12(;;?:: _g?g]]
Calleja-Femandez (2015) 46 -695 1.91 —— £.95 [10.69-321) N o ra% 230622 12 = 483 - -14; 5.
Chen (2021) 49 1280 212 e -12.80 [-16.96; -8.64] eterogeneity. I” = 79%, T = 7.9622, 1, = -
Ciangura (2010) 42 980 158 e 980 [12.90;-6.70]
Cole (2017) 5 750 757 _ 750 [22.33; 7.33)
Coupaye (2005) 36 290 176 — 290 [-634; 0.54] ° -8.23kg FFM at 12 months
Diniz-Sousa (2020) 16 1030 0.99 - 1030 [-12.24 -8.36) o L
Faucher (2019) 93 -840 035 840 [-9.09-7.71] .
Eauchggg‘ll‘a) 188 920 048 - 920 [i13'13;‘531} 52% of FFM loss occurred within first 3 months
avre N : —_— L -9.13; -0. . . .
Favre (2018) 18 610 223 — 610 [1047.-173] * This was 13% of baseline FFM, 20.8% of total welght loss
Fawre (2018) 5 667 323 — 867 [12.99 -0.35)
Fieldborg (2015) 31 .990 310 —_— 990 [15.98;-382]
Hayashi (2017) 111102 190 —— A1.02 [14.75,-7.30]
Hayashi (2017) 3 354 177 e 354 [-7.01,-0.07]
Legro (2012) 17 11100 150 — 11.00 [-13.94;-8.06]
Lubrano (2004) 45 490 231 —— 490 [-9.42-0.38)
Maimoun (2019) 30 1050 205 — 1050 [-14.52: -6.48)
Marengo (2017) 38 775 107 — 775 [-9.84-566) SMM
Moizé (2013) 25 620 219 e 620 [10.50; -1.90] _—
Moizé (2013) 25 .930 318 —— 930 [-1554;-3.06] Visit = 12 month
Olbers (2006) 29 390 235 — 390 [-850: 0.70] Closl:paye (g:)%r;) s 32 000 082 o 090 [-250; 070]
Olbers (2006) 31 560 217 —— 560 [-9.85-1.35] : ; : oy
Tacchino (2003) 101 870 093 - 870 [10.53 -6.87) Davidson (2018) 40 -480 0.92 —=— -480 [-6.60;-3.00]
Talalaj (2020) 155 1050 0.31 1050 [-11.10; -9.90) Davidson (2018) 5 -7.30 3.66 EE— -7.30 [-14.48;-0.12]
Tamboli (2010) 29 1302 254 —_— -13.02 [-18.00;-8.04] Davidson (2018) 6 -1.10 3.19 — T -1.10 [-7.35; 5.19]
Vatier (2012) 86 -940 194 —— 940 [1321.-559] Davidson (2018) 10 630 254 —_— -6.30 [-11.29;-1.31]
Vaurs (2015) 92 -950 139 - 950 [1222,6.78] Kenngott (2019) 30 -230 1.20 —=— -2.30 [-4.66; 0.06]
\éllarraﬁagfiul] 1432 -7.80 094 ;" :;22 [[ 9906: -?gg} Overall effect 123 - = -3.18 [-5.64; -0.71]
verall e % 9.01; 7. o 2 = 2_ 2= -
Heterogeneiy 1 = 3%, +*=20140, 2, :91 Heterogeneity: I* = 64%, ©* = 26149, 2 = 1398 (p = 0.02)
* -3.18kg SMM at 12 months
A -
*  66% of SMM loss occurred within first 3-6 months
[ ] - . . .
8.13kg LBM at 12 months * This was 13% of baseline SMM, 8.2% of total weight loss
* 55% of LBM loss occurred within first 3 months
* This was 13% of baseline LBM, 23.4% of total weight loss ) _ .
Nuijten et al. Obesity Reviews 2021
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General consequences of lean tissue loss

% loss of LBM Associated complications

10% Decreased immunity
Increased risk of infection
20% Decreased wound healing
Increased muscle weakness
30% Pressure ulcers
Pneumonia
40% Increased risk of death

Colloca et al. J Geriatric Oncology 2019
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Image: Prado et al. Clinical Nutrition 2022
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Consequences of low skeletal muscle mass in obesity — pre and post bariatric surgery

Physical
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Image: Prado et al. Clinical Nutrition 2022
Koliaki et al. Metabolism 2019
Xiao et al. Clinical Nutrition ESPEN 2018
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Image adapted from:
Prado et al. J Cachexia Sarcopenia Muscle 2020
doi.org/10.1002/jcsm.12525
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Lean tissue loss after bariatric surgery compounds an existing issue

Lean tissue may already be declining prior to surgery, therefore risk of increasing prevalence of low SMM

Volume 49, June 2022, Pages 436-441

Clinical Nutrition ESPEN Iu'

Original article

Prevalence of low skeletal muscle mass
following bariatric surgery

Judith Molera ®, Romina Olbeyra ®, Lilliam Flores ®® ©, Amanda Jiménez *® ¢, Ana de Hollanda ® & ©

, Alba Andreu 9 ¢, Ainitze Ibarzabal 9, Violeta Moizé @ ® ¥, Silvia Cafiizares ¢, José Maria Balibrea 9,
Amadeu Obach ® Josep Vidal * T & &

* n=952

* BIA-derived SMM index

 Low SMM classified using standard deviations
* Pre-surgery: 20.3% had low SMM
* 5years post surgery: 22.7% had low SMM

PLOS ONE

& orenaccEss B FESR-AEVIEWED

RESEARCH ARTICLE

Predictive score of sarcopenia occurrence one year after
bariatric surgery in severely obese patients

Cosmin Sebastian Voican B, Amandine Lebrun B, Sophie Maitre, Panagiotis Lainas, Karima Lamouri, Micheline Njike-Makseu,
Martin Gaillard, Hadrien Tranchart, Axel Balian, Ibrahim Dagher, Gabriel Perlemuter, Sylvie Naveau [E]

Published: May 14, 2018 « https://doi.org/10.1371/journal. pone.0197248

e n=184
* CT-derived skeletal muscle index
* Low SMM classified using published sex-specific
mortality-based SMI cut-points
* Pre-surgery: 8% had low SMM
e 1 vyear post surgery: 32% had low SMM
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Image: Prado et al. Clinical Nutrition 2022
Koliaki et al. Metabolism 2019
Xiao et al. Clinical Nutrition ESPEN 2018
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Image adapted from:
Prado et al. J Cachexia Sarcopenia Muscle 2020
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Thank you

Dr Lauren Hanna
PhD, BNutDiet, Accredited Practising Dietitian
Monash University, Australia

}E‘ lauren.hanna@monash.edu

MONASH
University

Melbouvrne 2024
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