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Kurzreferat:

Die Auswirkung der Korperkomposition auf Patienten mit schwerer Covid-19-
Erkrankung ist unbekannt. Unser Ziel war es, den Einfluss der Basislinien-
Computertomographie (CT-basierten Koérperkompositionsparametern [auf T4-
Ebene Pectoralis-Muskelflache, Pectoralis-Muskelindex, Skelettmuskelgauge und
auf L3-Ebene  Skelettmuskelindex (SMI),  Muskeldichte (MD) und
Fettgewebemessungen viszeralen Fettgewebes (VAT), subkutanes Fettgewebe
(SAT), intramuskulares Fettgewebe (IMAT), visceral-tosubcutaneous-adipose-
tissue-area-ratio (VSR)]) auf klinische Variablen bei erwachsenen Patienten mit
bestatigter Covid-19-Infektion, die von Marz 2020 bis Mai 2021 in sechs
europaischen Zentren stationar behandelt wurden, retrospektiv zu analysieren.
Des Weiteren wurde der Zusammenhang zwischen der Erkrankung und der
Mortalitat, der Notwendigkeit einer Intubation (MV) und der Intensivpflichtigkeit
innerhalb von 30 Tagen bewertet.

Die Resultate zeigen, dass eine hohere VSR bei Patienten, die wegen einer Covid-
19-Infektion ins Krankenhaus eingeliefert wurden, ein entscheidender
prognostischer Faktor fur die kurzfristige Mortalitat ist. Dagegen wurden lediglich
schwache Assoziationen mit dem klinischen Verlauf far MD- und
Fettgewebemessungen gefunden. Mannliches Geschlecht war der starkste
prognostische Faktor fur einen ungunstigen klinischen Verlauf. Hinsichtlich der
Muskelmasse haben Covid-19-Uberlebende im Vergleich zu Nichtliberlebenden
grolRere Areale und einen hoheren Index, Gauge und Dichte der Pectoralis-

Muskeln.
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1. EinfGhrung

Die Pandemie der Coronavirus-Krankheit 2019 (COVID-19) stellt ein grol3es Problem
fur die globale Gesundheit dar. Der klinische Verlauf von COVID-19 ist sehr variabel.
Obwohl festgestellt wurde, dass der Verlauf bei den meisten Patienten relativ mild
ausfallt, hatten einige eine schnelle Progression mit Mortalitat (1,2). Daher ist die
Prognose unklarer Ergebnisse von COVID-19 von wesentlicher Bedeutung. Bereits
etablierte Prognosefaktoren sind Alter und Geschlecht (3,4). Begleiterkrankungen wie
Demenz, Herzinsuffizienz und periphere Gefallerkrankungen sind ebenfalls
Pradiktoren fur einen schwierigen Krankheitsverlauf (3,4).

Die Computertomographie (CT) ist das wichtigste bildgebende Verfahren bei COVID-
19, insbesondere zum Nachweis von Lungenkonsolidierungen (5-7). Typische
Befunde in der CT bei COVID-19 sind bilaterale, peripher dominante
Milchglastribungen mit Unterlappen- und posteriorer Betonung (5-7). Auch
extrapulmonale Befunde spielen bei COVID-19 eine entscheidende Rolle (8). Es
wurde gezeigt, dass Pleuraerguss, Perikarderguss und mediastinale
Lymphadenopathie als Pradiktoren fur einen schweren Verlauf von COVID-19
verwendet werden koénnen (6,8). Tatsachlich sind Pleuraerguss und
Koronarverkalkungen starke Pradiktoren fur die Mortalitat bei COVID-19, Odds Ratio
(OR) =4,6 (95 % CI1 2,97 - 7,12), p < 0,00001 und OR =2,68 (95 % Cl1 1,78 - 4,04), p
< 0,00001 (8).

Es wurde gezeigt, dass Sarkopenie als Risikofaktor fir die Dauer des
Krankenhausaufenthalts und die Mortalitat bei vielen Krankheiten eine wichtige Rolle
spielen kann (9-12). Aber bei Patienten mit COVID-19 sind die Ergebnisse weniger
eindeutig und daher wird die Kérperkomposition als Prognostikfaktor diskutiert. Bisher
wurden viele verschiedene Messungen des Muskelbereichs und des
Skelettmasseindex (SMI) als Indikator fur Sarkopenie auf verschiedenen
Muskelebenen sowohl im Pektoral- sowie Psoasbereich durchgefuhrt und viele

widerspruchliche Ergebnisse sind dabei herausgekommen.



1.1.  Ubersicht der Body-Komposition auf Patienten

Sarkopenie ist definiert als der Verlust von Muskelmasse oder geringe
Muskelmasse, geringe Muskelkraft sowie beeintrachtigte Muskelqualitat [13]. Ein
haufig verwendeter Indikator fur Sarkopenie ist der SMI, der anhand von
Computertomographie-Scans beurteilt werden kann. Der SMI und die
Skelettmuskelflache (SMA) sind Indikatoren fur Sarkopenie und haben sich als
Pradiktoren fur das Behandlungsergebnis erwiesen [14]. Es wurde auch berichtet,
dass die Messungen der Skelettmuskelmasse in Hounsfield-Einheiten (HU) den
Lipidinhalt widerspiegeln und damit ein Indikator fur die Muskelqualitat sein kdnnen
[15]. Das Skelettmuskelgauge (SMG) entspricht dem Produkt aus SMI und
Muskeldichte (MD) und wurde als prognostische Indikator bei Patienten mit
Infektionskrankheiten oder Krebs in Verbindung gebracht [16].

Es gibt nur wenige Studien, die den Zusammenhang zwischen standardisierter
Korperkompositionsparameter - einschlieflich Muskel- und
Fettgewebemessungen — und den klinischen Ergebnissen sowie der Mortalitat bei
COVID-19-Patienten bewerten. Das Ziel dieser Studie war es daher, den Wert
verschiedener Korperkompositionsparameter zu bestimmen, um sowohl den
Schweregrad von COVID-19 (Risiko einer Aufnahme auf der Intensivstation,
invasive Beatmung) als auch die Mortalitat innerhalb von 30 Tagen in einer grof3en

multizentrischen Kohorte vorherzusagen.



1.2.  Methoden und Patientenselektion

Fur die vorliegende Studie wurden Daten aus sechs Zentren in Europa retrospektiv
erhoben. Die Patienten wurden von Marz 2020 bis Dezember 2021 aus
elektronischen Krankenhausakten identifiziert. Die Studie wurde jeweils von den

lokalen Ethikkommissionen genehmigt.

Einschlusskriterien fur alle Zentren:

- PCR bestatigte COVID-19-Erkrankung

- Krankenhausaufenthalt wegen Symptomen oder Komplikationen im
Zusammenhang mit der COVID-19-Erkrankung

- Verfugbare Thorax- (fir 1. und 2. Studie) und Abdominal- (fir 3. Studie) CT-
Aufnahmen mit oder ohne Kontrastmittelinjektion

- Verfugbare Daten zu den folgenden Ergebnisvariablen: mechanische Beatmung,
Aufnahme auf Intensivstation, Mortalitat innerhalb von 30 Tagen nach Aufnahme

Ausschlusskriterien:

- Fehlende klinische Daten

- Krankenhausaufenthalt aus anderen Granden als COVID-19-Erkrankung

- Fur 1. und 2. Studie fehlender CT-Scan des Thorax auf Hohe T4 und fur 3. Studie
fehlender CT-Scan des Abdomens auf Hohe L3

- FUr 1. und 2. Studie CT-Bilder nach intravendser Kontrastmittelapplikation

Die grofite erfasste Patientengruppe (erste multizentrische Studie von CT-Thorax)
umfasst 1138 Patienten. Darunter waren547 Frauen (48,1 %) und 591 Manner
(51,9 %).



1.3. Messung der Bodykomposition im CT

In allen Fallen wurde der erste opportunistische Thorax-/Abdominal-CT-Scan nach
Krankenhausaufnahme verwendet. In allen sechs Zentren wurde die Bildanalyse
von erfahrenen Radiologen durchgeflihrt, die fir den klinischen Verlauf der
Patienten blind waren. Alle Kérperkompositionsmessungen in der ersten sowie
zweiten Studie wurden halbautomatisch auf axialen Bildern auf T4-Ebene im
Weichteilfenster via Syngovia und Infinitt (1. Studie: Abb. 1) (2. Studie: Abb. 2 und
3) und fir die 3. Studie der Mittelteil des dritten Lendenwirbels (L3) im
Weichteilfenster (Fenster von 45 bis 250 HE) mit der frei verfligbaren ImageJ
Software (Version 1.53, National Institute of Health, USA) (Abb. 4 und 5)
durchgefiihrt. Die Uberprifung der Messungen und notwendigen Korrekturen
wurden ebenfalls von erfahrenen Radiologen durchgeflhrt, die flr den klinischen

Verlauf der Patienten blind waren.

In der 1. und 2. Studie wurde eine polygonaler Interessenregion (ROI) entlang der
Konturen der Mm. pectorales majores et minores auf beiden Seiten gezeichnet
(Abb. 1 sowie 2 und 3). Die Pectoralis-Muskelflache (PMA) wurde als Summe der
bilateralen Bereiche der groRen und kleinen Brustmuskeln definiert. Daruber
hinaus wurde die Pectoralis-Muskeldichte innerhalb der ROIs gemessen. Der
Pectoralis-Muskelindex (PMI) wurde als Quotient aus PMA und Kdérpergrofie des
Patienten im Quadrat berechnet. Zusatzlich wurde die SMG berechnet, indem der

PMI mit der mittleren MD multipliziert wurde, wie zuvor berichtet (17).

In der 3. Studie wurden die folgenden Parameter der Korperkomposition geschatzt:
SMA, subkutanes Fettgewebe (SAT), viszerales Fettgewebe (VAT), TAT und
intramuskulares Fettgewebe (IMAT) wurden automatisch von der Software auf
Querschnittsbildern gemessen. Die relative Verteilung des abdominalen
Korperfetts wurde durch den VSR bewertet, der durch Division von VAT durch SAT
berechnet wurde. Der SMI wurde berechnet, indem der SMA durch die

KdrpergroRe des Patienten in Zentimetern im Quadrat dividiert wurde. Der
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Fettgewebeindex wurde auf analoge Weise berechnet.

Abb. 1. Thorax-CT eines 67-jahrigen Patienten. Die identifizierten Muskelparameter waren:
PMA 18,0 cm?, PMI 5,8 cm?/m?, Muskeldichte 22,5 HU, SMG 132,3. Der Patient starb nach 13
Tagen auf der Intensivstation.

Abb. 2. Thorax-CT einer 55-jahrigen Patientin mit COVID-19. Die identifizierten
Muskelparameter waren: PMA 14,48 cm?, Muskeldichte 28 HU, PMI 5,19, SMG 145,3. Die

Patientin starb am Tag 19 nach Aufnahme.
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Abb 3. Thorax-CT eines 61-jahrigen Patienten mit COVID-19. Die identifizierten
Muskelparameter waren: PMA 28,17 cm?, Muskeldichte 30 HU, PMI 8,69, SMG 260,7. Der

Patient wurde im Verlauf gesund entlassen.

Abb 4. Reprasentative Beispiele flir abdominale CT-Scans mit Segmentierung der

Skelettmuskulatur: intramuskulares Fett Gewebe (grin), viszerales Fettgewebe (gelb),
subkutan Fettgewebe (blau), Skelettmuskel (rot). Diese Patientin hatte ein SMA von 98,1
cm2, ein SMI von 37,4 kg/cm2, ein VAT von 314,2 cm2 und ein VSR von 0,91.
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Abb 5. Dieser Patient hatte ein SMA von 140,3 cm2, ein SMI von 46,4 kg/cm2, ein VAT von
72,2 cm2, und ein VSR von 0,72.

1.4. Statistische Analyse

Die statistische Analyse wurde via SPSS Version 25 (IBM SPSS Statistics, NY,
USA) durchgefuhrt. Die Mittel-, Medianwerte sowie Standardabweichungen
wurden flr kontinuierliche Variablen ausgerechnet. Der Einfluss von
Korperkompositionsparametern auf das Risiko einer intensivmedizinischen
Versorgung (IMV), einer Aufnahme auf die Intensivstation und der Mortalitat wurde
mittels logistischer Regression bewertet. Der Vergleich der Pectoralis-
Muskelparameter wurde mit Mann-Whitney-U-Tests durchgefuhrt und die p-Werte
wurden fur multiples Testen angepasst (Bonferroni-Korrektur). Um den Einfluss der
Skelettmuskulatur auf die klinischen Ergebnisse zu bewerten, wurden uni- und
multivariable logistische Regressionsmodelle verwendet. Odds Ratios werden
zusammen mit 95 % Konfidenzintervallen (95 % KIl) dargestellt. Die resultierenden

p-Werte wurden im explorativen Sinne interpretiert.
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1.5. Zielsetzung der Arbeit

Die vorliegende Arbeit basiert auf einer retrospektiven Datenauswertung von
Patienten mit schwerer COVID-19 Erkrankung. Die Daten der Patienten wurden
von unserer Klinik und 7 weiteren Kliniken zwischen Marz 2020 und Dezember
2021 gesammelt. Die Uber diesen Zeittraum gesammelten Daten unserer Patienten
wurden aus dem Kilinikinformationssystem MEDICO geblndelt und retrospektiv

ausgewertet.

Ziel der Arbeit und der multizentrischen, retrospektiven Analyse war die
Beurteilung der Auswirkung von Korperkompositionparametern bei Patienten mit
schwerer COVID-19-Erkrankung auf relevante Resultate wie der Mortalitat
innerhalb von 30 Tagen, der Notwendigkeit einer Intubation oder der Notwendigkeit

einer Aufnahme auf die Intensivstation.

Im Detail wurde der Einfluss des PMI auf die klinischen Ergebnisse der Patienten
mit schwerer COVID-19-Erkrankung (Orginalarbeit 1 und 2) sowie die Prognose
der kurzfristigen Sterblickeit von COVID-19-Patienten anhand viszeraler bis

subkutaner Fettgewebemessungen (Orginalarbeit 3) untersucht.
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2.

2.1.

Eigene Arbeiten

Impact of Pectoral Muscle Values on Clinical Outcomes in Patients With
Severe COVID-19 Disease.

(Orginalarbeit 1)

Hakan Kardas, Maximilian Thormann, Caroline Bar, Jazan Omari, Andreas
Wienke, Maciej Pech, Alexey Surov:

Impact of Pectoral Muscle Values on Clinical Outcomes in Patients With
Severe COVID-19 Disease. In Vivo January 2022, 36 (1) 375-380.

Sarkopenie ist eine abnormale Korperkomposition, die als Verlust von
Muskelmasse, geringe Muskelkraft und Beeintrachtigung der Muskelqualitat
definiert ist. Sarkopenie tritt haufig bei Patienten im Alter von ca. 65 Jahren auf
und wird mit einem schlechteren klinischen Verlauf, Morbiditat und Mortalitat in
Verbindung gebracht. Thoraxscans mittels Computertomographie (CT) oder
Magnetresonanztomographie gelten als Goldstandard fur die quantitative
Beurteilung der Korperkomposition. Die Auswirkungen von Sarkopenie auf
Patienten mit COVID-19 sind noch ebenso unerforscht, wie ob sie durch das
schwere akute Atemwegssyndrom (SARS) verursacht wird. Tatsachlich ist die
Literatur zur Messung der Skelettmasse uneins. Aus diesem Grund wollten wir
den Zusammenhang von CT-basierten Korperkompositionsparametern (PMA,
PMI, SMG) und klinischen Variablen bei Patienten mit schwerer COVID-19-
Erkrankung untersuchen. Thorax-CT-Scans von erwachsenen Patienten mit
bestatigtem COVID-19, die von Marz 2020 bis Mai 2021 in unserem
medizinischen Zentrum (Universitatsklinikum Magdeburg) stationar behandelt
wurden, wurden retrospektiv analysiert. PMA, PMI und SMG wurden beim
ersten CT-Scan nach der Aufnahme gemessen. Die Parameter der
Korperzusammensetzung wurden auf Assoziation mit klinischen Variablen und
30-Tage-Mortalitat untersucht. In unserem kleinen Studienkollektiv (46
Patienten) und der retrospektiven Analyse war keine der Koérperkompositionen
ein Pradiktor fur die 30-Tage-Mortalitat, die Dauer des Krankenhausaufenthalts,
die Dauer der Behandlung auf der Intensivstation oder die Dauer der invasiven

mechanischen Beatmung.
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2.2.  Prognostic Role of the Pectoralis Musculature in Patients with COVID-19. A
Multicenter Study.

(Orginalarbeit 2)

Alexey Surov, Hakan Kardas, Giulia Besutti, Massimo Pellegrini, Marta Ottone,
Mehmet Ruhi Onur, Firat Atak, Ahmet Gurkan Erdemir,Elif Hocaoglu, Omer
Yildiz,Ercan Inci, Eda Cingoz, Mehmet Cingoz, Memduh Dursun, Inan Korkmaz,
Cagri Orhan, Alexandra Strobel, Andreas Wienke, Maciej Pech:

Prognostic Role of the Pectoralis Musculature in Patients with COVID-19. A
Multicenter Study. Academic Radiology May 15, 2022.

Seit Dezember 2019 ist die COVID-19-Pandemie ein groldes Problem flr die
Menschen und die globale Gesundheit. Aul3erdem hat der klinische Verlauf von
COVID-19-Patienten ein sehr breites Spektrum von asymptomatisch bis zur
Mortalitat. Aus diesem Grund spielen die prognostischen Faktoren bei COVID-19
eine entscheidende Rolle. Bereits etablierte Prognosefaktoren sind Alter und
Geschlecht. Komorbiditaten wie Demenz, Herzinsuffizienz und periphere
Gefalerkrankungen sind ebenfalls Pradiktoren fir einen ungunstigen Verlauf der
Krankheit. Unsere Ziele bestehen in dieser multizentrischen Studie darin, die
Auswirkungen einer geringen Skelettmuskelmasse bei Patienten mit COVID-19
auf relevante Ergebnisse wie 30-Tage-Mortalitat, Notwendigkeit einer Intubation

sowie der Aufnahme auf die Intensivstation zu bewerten.

Fir diese Studie wurden Daten aus sechs Zentren erfasst. Die erfasste
Stichprobe umfasst 1138 Patienten. Es handelte sich um 547 Frauen (48,1 %)
und 591 Manner (51,9 %) mit einem Durchschnittsalter von 54,5 £ 18,8 Jahren
(Median: 55 Jahre; Spannweite: 18-84 Jahre). In allen Fallen wurde eine Thorax-
CT ohne intravenose Kontrastmittelgabe durchgefuhrt. Die folgenden Parameter
der Pectoralis-Muskeln wurden geschatzt: Muskelflache als Summe der
bilateralen Flachen der M. pectoralis major und minor, Muskeldichte, Muskelindex
(PMI) (Pectoralis-Muskelarea geteilt durch das Quadrat der Korpergrof3e des

Patienten) als Verhaltnis der M. pectoralis major und minor geteilt durch die
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Korpergroe des Patienten2 und Muskelgauge (PMI x Muskeldichte).

Insgesamt wurden 220 Patienten (19,33 %) auf der Intensivstation aufgenommen.
Bei 171 Patienten (15,03 %) wurde eine mechanische Lungenbeatmung
durchgefuhrt. SchlieRlich starben 154 Patienten (13,53 %) innerhalb der
Beobachtungszeit von 30 Tagen. Alle untersuchten Parameter des Brustmuskels
waren bei den Patienten mit ungunstigen Covid-19-Verlaufen niedriger. Alle
Parameter des Pectoralis-Muskels wurden in alters- und geschlechtsbereinigten
multivariaten Analysen mit der 30-Tage-Mortalitdt assoziiert. Die Conclusio
unserer Studie: Schlussfolgerung: Bei COVID-19 haben Uberlebende im
Vergleich zu Nichtuberlebenden groRere Flachen und einen hoheren Index,
Starke und Dichte der Pectoralis-Muskeln. Die analysierten Muskelparameter

kénnen jedoch nicht zur Prognose von Krankheitsverlaufen verwendet werden.

2.3.  Visceral to subcutaneous fat ratio predicts short term mortality in patients
with Covid 19. A multicenter study.

(Originalarbeit 3)

Alexey Surov, Maximilian Thormann, Hakan Kardas, Mattes Hinnerichs, Jazan
Omari, Eda Cing6z, Mehmet Cingdz, Memduh Dursun, Inan Korkmaz, Cagri
Orhan, Omer Yildiz, Elif Hocaoglu, Ercan Inci, Hakan Onder, Hamdullah Erk,
Ougkour Chousein, Hadi Sasani, Korcan Aysun Goénen, Maciej Pech, Andreas
Wienke: Visceral to subcutaneous fat ratio predicts short term mortality in
patients with Covid 19. A multicenter study. The British Journal of Radiology
February 6, 2023.

Bei COVID-19 erweisen sich Parameter der Kérperkomposition zunehmend als
Risikofaktoren fur den klinischen Verlauf und die Mortalitat. Adipositas und
vermehrtes Abdominalfettgewebe sind nachweislich mit einer schweren
klinischen Erkrankung und der Mortalitat verbunden. Ebenso scheint eine
geringe Skelettmuskelmasse, die in der klinischen Routine als Surrogatmarker

fur Sarkopenie verwendet wird, das Ergebnis der Patienten zu beeinflussen. Die
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Daten zur Rolle der Korperkomposition sind jedoch noch vielfaltig und stehen
mitunter im Widerspruch zueinander, denn verschiedene Studien konnten
keinen relevanten Zusammenhang feststellen. Angesichts der anhaltenden
Pandemie bleibt die Prognose des klinischen Verlaufs und der Mortalitat bei
COVID-19-Erkrankungen von entscheidender Bedeutung. Alter und Geschlecht
sind bereits etablierte Prognosemarker fur COVID-19-Patienten und mit

Mortalitat assoziiert.

In unserer  Studie  wurde die  Assoziation zwischen den
Korperkompositionsparametern und den Ergebnissen bei COVID-19 bewertet.
173 Patienten, die wegen einer COVID-19-Infektion in sechs europaischen
Zentren hospitalisiert wurden, bildeten unser Studienkollektiv. Die Messungen
wurden auf L3-Ebene durchgefuhrt und umfassten SMI, MD und
Fettgewebemessungen (VAT, SAT, IMAT), VSR). Der Zusammenhang mit der
Mortalitat, der Notwendigkeit einer maschinellen Beatmung (MV) und einer

Aufnahme auf die Intensivstation innerhalb von 30 Tagen wurden bewertet.

Laut der Ergebnisse dieser multizentrischen, retrospektiven Studie scheint eine
héhere VSR bei COVID-19-Patienten ein starker prognostischer Faktor fur die
kurzfristige Mortalitat zu sein. Aber es gab lediglich eine schwache Korrelation
mit dem klinischen Verlauf fur MD- und Fettgewebemessungen. Dartber hinaus
war das mannliche Geschlecht der starkste prognostische Faktor fur einen
ungunstigen klinischen Verlauf. Der SMI hatte keine relevanten Assoziationen
mit den anderen Parametern. Die Ergebnisse der Studie zusammenfassend
lasst sich sagen, dass die VSR ein prognostischer Biomarker fur die 30-Tage-
Mortalitat bei Patienten ist, die wegen einer COVID-19-Erkrankung ins

Krankenhaus eingeliefert worden sind.
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3. Diskussion

Die Coronavirus-Krankheit 2019 (COVID-19) ist eine Infektionskrankheit, die durch
das schwere akute respiratorische Syndrom Coronavirus 2 (SARS-CoV-2)
verursacht wird. Das Virus wurde erstmals im Dezember 2019 in Wuhan
beschrieben und verbreitete sich sehr schnell weltweit und ist Ursache der COVID-
19-Pandemie, die bis dato weiterhin ein grol3es Problem fur die globale Gesundheit
darstellt. Bis zum 18. Oktober 2022 wurden weltweit rund 622 Millionen COVID-
Infizierte registriert, es wird aber in vielen Landern eine hohe Dunkelziffer vermutet
(18). Laut einer Schatzung der Weltgesundheitsorganisation (WHO) gab es
zwischen Anfang 2020 und Ende 2021 eine weltweite, durch COVID-19
verursachte Ubersterblichkeit von 14,83 Millionen Toten (19). Die Infizierung erfolgt
durch Trépfcheninfektion (Bioaerosolen), insbesondere bei langerer
Aufenthaltsdauer in geschlossenen und ungenugend gelufteten Raumen. Der
Krankheitsverlauf ist unspezifisch und kann stark variieren. Laut Schatzung des
RKI haben 55 bis 85 % der Infizierten spurbare Beschwerden und/oder zeigen
erkennbare  Anzeichen einer Erkrankung (Symptome) oder typische
Symptomkombinationen (Syndrom) einer COVID-19-Erkrankung. Aullerdem
konnen die ubrigen Infizierten symptomfrei und asymptomatisch erkrankt sein, die
aber trotzdem das Virus weiterverbreiten kdnnen (20). Rund 81 % der registrierten
Patienten haben einen leichten Verlauf mit Fieber oder einer leichten Pneumonie
sowie trockenem Husten und Mudigkeit. Bei ca. 14 % der Krankheitsfalle ist der
Verlauf schwerer, und in etwa 5 % so schwer, dass eine Intubation des Patienten
auf einer Intensivstation erfolgen muss (21). Die hdochste Gefahrdung, schwer zu
erkranken, besteht insbesondere fur altere Menschen und solche mit
Vorerkrankungen oder nicht ausreichendem Immunschutz. Die bekannteste
Prognosefaktoren sind Alter und Geschlecht (3,4). Begleiterkrankungen wie
Demenz, Herzinsuffizienz und periphere Gefalierkrankungen sind ebenfalls
Pradiktoren flr einen unglnstigen Krankheitsverlauf (3,4). In unseren Studien

wurden die anderen, eventuell prognostischen Faktoren im Hinblick auf den
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klinischen Verlauf (30-Tage-Mortalitat, Beatmungsbedarf und Aufnahme auf einer

Intensivstation) bei hospitalisierten Patienten mit unglnstigem Verlauf bewertet.

In  mehreren  Studien wurde gezeigt, dass Sarkopenie/abnormale
Korperkomposition als Risikofaktor fur die Dauer des Krankenhausaufenthalts und
die Mortalitat bei Schwerkranken und Traumapatienten eine entscheidende Rolle
spielen kann (9-12). Aber bei Patienten mit COVID-19 sind die Ergebnisse weniger
eindeutig. Bisher wurden Muskelflachemessungen und SMI als Indikator fur
Sarkopenie auf verschiedenen Muskelebenen durchgefuhrt, sowohl auf der

Thorakal- als auch auf der Pelvikebene, mit widerspruchlichen Ergebnissen.

Bespielsweise war in einer Studie von Schiaffino et al. die geringere
Querschnittsflache der paravertebralen Muskulatur positiv mit der Aufnahme auf
die Intensivstation und der Mortalitat assoziiert (22), wobei der SMI jedoch nicht
berechnet wurde. In einer Kohortenstudie von Feng et al. mit 116 Patienten wurde
kein Zusammenhang zwischen dem paraspinalen Muskelindex auf T12-Ebene und
den klinischen Ergebnissen gefunden (23). Kim et al. berechneten den SMI auf
T12-Niveau und stellten fest, dass Sarkopenie mit verlangertem
Krankenhausaufenthalt verbunden war, aber es gab keine Assoziation mit der
Mortalitat (24) — in ihrer Stichprobe betrug die Aufnahmerate auf die Intensivstation
nur 8,3 % und die Sterblichkeit 5,8 %. Die Studie von Hocaoglu et al. zeigte, dass
eine hohere MD (gemessen in der Nativ-CT) mit der Mortalitat bei Covid-19-
Patienten umgekehrt assoziiert war (25). Allerdings waren tber 40 % der Kohorte
von 217 Patienten ambulante Patienten und der PMI wurde nicht gemessen.
AuRerdem wurde nur der M. pectoralis major gemessen. Keine relevante
Assoziation mit Mortalitdt wurde fur den SMI (unterhalb der Lungenbasis
gemessen) in einer Studie von Moctezuma-Velazquez et al. (26) festgestellt. Die
Studie von Ufuk et al. stellte einen Zusammenhang zwischen PMA und PMI bei
negativen klinischen Ergebnissen wie Intubation, Dauer des
Krankenhausaufenthalts und Mortalitat her (27). Die Korperkomposition (wie
Pectoralmuskelwert, Skelettmuskelmasse/-index, Messungen von paraspinalen,
Abdominalwand-, Psoasmuskeln und VAT) kann moglicherweise eine Rolle fir das

klinische Ergebnis von Patienten mit COVID-19 spielen.
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Ingesamt kann die Wirkung der Korperkomposition bei Patienten mit schwerer
COVID-19-Erkrankung im Vergleich zu anderen Erkrankungen noch nicht als
abschlie3end erforscht gelten. Deshalb haben wir drei Studien durchgefuhrt, von
denen eine eine Single-Center-Studie war und zwei davon multizentrisch waren. In
unserer ersten Single-Center-Studie haben wir 46 Patienten aus unserer Klinik
eingeschlossen. Wir erstellten in unseren zwei Multi-Center-Studien einen

grolkeren Pool von 1138 und 173 Patienten.

Die Einschlusskriterien unserer Studien sind sehr breit gefasst, da es das Ziel war,
die Auswirkung der Kérperkomposition auf klinische Ergebnisse bei Patienten mit
schwerer COVID-19-Erkrankung beweisen zu kdnnen. Dieses Vorgehen hat ein
relativ. heterogenes Patientenkollektiv zur Folge, da die Patienten in
unterschiedlichem Male vortherapiert waren und verschiedene Komorbiditaten
hatten. Die Behandlung der Patienten hangt naturlich auch von dem behandelten
Arzt sowie den verschiedenen verwendeten Therapiemdglichkeiten und COVID-

Varianten ab, was das Design einer multizentrischen Studie zusatzlich erschwert.
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4. Zusammenfassung

Sarkopenie/abnormale Koérperkomposition stellt einen relevanten Risikofaktor fur
die Dauer des Krankenhausaufenthalts und die Mortalitat bei Schwerkranken und
Traumapatienten dar. Aber die Ergebnisse bei Patienten mit COVID-19 Erkrankung

waren bisher widerspruchlich und nicht sehr eindeutig.

Bei unserer ersten Single-Center-Studie wurden insgesamt 46 Patienten (19
Frauen und 27 Manner) mit einem Durchschnittalter von 64,5 Jahren
eingeschlossen. Das Ergebnis dieser Studie war, dass kein Aspekt der
Kdérperkomposition (Baseline-Charakteristika der Patienten, PMA, PMI, SMG und
Dichte/PMA sind in Table | zusammengefasst) ein Pradiktor fur die 30-Tage-
Mortalitat, die Dauer des Krankenhausaufenthalts, die Dauer der Behandlung auf
der Intensivstation oder die Dauer der invasiven mechanischen Beatmung war

(Assoziation zwischen Muskelparametern und klinischen Ergebnissen in Table II).

Um zuverlassigere Ergebnisse zu erhalten, wurden insgesamt 1138 Patienten (547
Frauen, 591 Manner mit einem Durchschnittsalter von 55 Jahren) aus sechs
europaischen Zentren in unsere multizentrische Studie einbezogen. 220 dieser
Patienten (19,33 %) wurden auf die Intensivstation aufgenommen. Daruber hinaus
wurde bei 171 Patienten (15,03 %) eine MV durchgefuhrt. Schlie3lich starben 154
Patienten (13,53 %) innerhalb der Beobachtungszeit von 30 Tagen.

Bei den Patienten mit unglinstigen COVID-19-Verlaufen waren alle untersuchten
Muskelwerte bzw. Parameter der Pectoralis-Muskulatur laut unserer
Studienergebnisse niedriger (Table Ill). Regressionsanalysen zeigten, dass alle
Pectoralis-Muskelparameter mit ungunstigen Verlaufen assoziiert waren (Tabelle
2). Alters- und geschlechtsadjustiert waren auch alle Pectoralis-Muskelparameter
mit ungunstigen Verlaufen assoziiert (Table 1V). Das heif’t, dass die Uberlebenden
Patienten auch in gro3eren Patientengruppen im Vergleich zu Nichtiberlebenden
starkere und dichtere Pektoralmuskeln hatten bzw. diese eine groRere Flache und
einen hoheren Index aufwiesen. Aber die analysierten Muskelparameter kdnnen

nicht zur Vorhersage von Krankheitsverlaufen herangezogen werden.
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Bei unserer letzten multizentralisierten Studie umfasste die analysierte
Bedarfsstichprobe 173 Patienten (80 weiblich und 93 mannlich mit einem
Durchschnittsalter von 61 Jahren). Von den eingeschlossenen Patienten wurden
52 auf die Intensivstation aufgenommen. 46 Patienten bendtigten eine MV und 33
Patienten starben innerhalb des 30-tagigen Beobachtungszeitraums. Unsere
Werte haben uns gezeigt, dass eine hdhere SAT-Dichte mit einem grélkeren MV-
Risiko verbunden war und eine hohere VAT mit der Aufnahme auf die
Intensivstation verbunden war. Daruber hinaus war eine hohere MD ein
Schutzfaktor gegen die Aufnahme auf die Intensivstation sowie gegen die MV.
Besonders stark betroffen vom Risiko einer Verlegung auf die Intensivstation und
einer MV zeigte sich das mannliche Geschlecht. Der SMI war keinem der
Parameter zugeordnet. Eine Erkenntnis unserer Studie war, dass die VSR ein
prognostischer Biomarker fir die 30-Tage-Mortalitat bei Patienten ist, die wegen
einer COVID-19-Erkrankung ins Krankenhaus eingeliefert wurden. (Table V und

Vi)

Table L. Patient characteristics (n=46).

Characteristic Value

Age, years Median (range) 64.5 (41-92)

Gender, n (%) Male 27 (58.7%
Female 19 (41.3%)

BMI, kg/m2
Length of hospital stay, days
ICU stay

IMV needed

Mortality, n (%)

PMA, cm?

PMI, cm?2/m?

Muscle density, HU

SMG, cm? HU/m?

Muscle density/PMA, HU/cm?

Median (range)
Median (range)
Yes, n (%)

Median duration

(range), days
Yes, n (%)

Median duration

(range), h
30-Day
Median (range)
Median (range)
Median (range)
Median (range)
Median (range)

27.3 (20.6-58.5)
19 (1-53)
37 (80.4%)
11.5 (2-53)

33 (71.7%)
228.5 (46-1268)

19 (41.3%)
22.8 (9.0-64.0)
7.7 (3.1-20.9)
27.0 (4.0-53.5)

188.8 (16.5-612.0)

1.3 (0.3-2.9)
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Table II. Association of pectoralis muscle composition parameters with
30-day mortality.

Value OR 95% CI p-Value
Age 0.996 0.951-1.042 0.853
Gender (male) 1.371 0.412-4.563 0.607
BMI 0.990 0.922-1.064 0.790
PMA 1.068 0.992-1.150 0.079
PMI 1.145 0.906-1.447 0.257
Muscle density 0.998 0.951-1.047 0.942
SMG 1.002 0.998-1.006 0.309
Muscle density/PMA 0.689 0.250-1.903 0.472

TABLE III. Comparison of the Pectoralis Muscle Parameters in Patients With COVID-19

a. Pectoralis Muscle Values and Need for ICU Admission

Muscle Parameters No ICU Admission ICU Admission p Values
Pectoralis muscle area, cm? 29.80 §14.17 25.20 §10.09 <0.001
Pectoralis muscle density, HU 37.29§12.98 28.03 §14.56 <0.001
Pectoralis muscle index, cm?/m? 11.03 §4.60 9.23§3.54 <0.001
Pectoralis muscle gauge 436.77 §252.03 274.55 §206.89 <0.001
b. Pectoralis Muscle Values and Need for Mechanical Ventilation

Muscle Parameters No Mechanical Ventilation Mechanical Ventilation p Values
Pectoralis muscle area, cm? 29.754 §13.95 24.156 §10.16 <0.001
Pectoralis muscle density, HU 36.916 §13.06 27.484 §15.06 <0.001
Pectoralis muscle index, cm?/m? 11.242 §4.53 8.866 §3.57 <0.001
Pectoralis muscle gauge 429.678 §250.47 257.508 §206.24 <0.001
c. Pectoralis Muscle Values and 30-day Mortality

Muscle Parameters Survivors Nonsurvivors p Values
Pectoralis muscle area, cm? 30.189 §13.74 20.757 §9.13 <0.001
Pectoralis muscle density, HU 36.841 §13.15 26.929 §14.71 <0.001
Pectoralis muscle index, cm?/m? 11.277 §4.49 8.0365§3.15 <0.001
Pectoralis muscle gauge 428.305 §250.02 223.505 §182.80 <0.001
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TABLE IV. Associations Between Pectoralis Muscle Values and Unfavorable Outcomes in COVID-19 (Multivariate Analysis)

a. Associations Between Pectoralis Muscle Values and Need for Intensive Care Admission

Muscle Parameters OR CI195% p Values
Pectoralis muscle area, cm? 0.99 (0.98, 1.007) 0.391
Pectoralis muscle density, HU 0.96 (0.95, 0.97) <0.001
Pectoralis muscle index, cm?/m? 0.94 (0.90, 0.99) <0.001
Pectoralis muscle gauge 0.998 (0.997, 0.999) <0.001
b. Associations Between Pectoralis Muscle Values and Need for Mechanical Ventilation

Pectoralis muscle area, cm? 0.98 (0.97, 0.99) 0.033
Pectoralis muscle density, HU 0.96 (0.94, 0.97) <0.001
Pectoralis muscle index, cm?/m? 0.87 (0.87, 0.96) <0.001
Pectoralis muscle gauge 0.997 (0.996, 0.999) <0.001
c. Associations Between Pectoralis Muscle Values and 30-day Mortality

Pectoralis muscle area, cm? 0.96 (0.94, 0.98) <0.001
Pectoralis muscle density, HU 0.96 (0.95, 0.98) <0.001
Pectoralis muscle index, cm?/m? 0.86 (0.80, 0.91) <0.001
Pectoralis muscle gauge 0.996 (0.995, 0.998) <0.001

Table V. Regressicn analysis for 30-day mortality

Univariable Multivariable
Variables OR 95% CI p OR 95% CI P
Continuous values
Age (years) 1.034 (1.008; 1.060) 0.010 1.015 (0.979; 1.053) 0.408
Sex (male vs female) 2.300 (1.020; 5.186) 0.045 2.891 (0.915;9.132) 0.070
BML (kg/m?) 1.013 (0.936; 1.096) 0.749 1.030 (0.941; 1.128) 0.521
SMA (cm?) 0.997 (0.986; 1.008) 0.611
SMI (keg/cm?) 0.995 (0.958; 1.032) 0.777
Muscle density (HU) 0.935 (0.901; 0.971) <0.001
VAT (em?) 1.001 (0.997; 1.005) 0.642
SAT (cm?) 0.996 (0.992; 1.000) 0.035
TAT (em?) 0.999 (0.997; 1.001) 0.321
IMAT (em?) 1.042 (1.011; 1.073) 0.008 1.083 (1.035; 1.133) <0.001
VSR 1.918 (1.114; 3.305) 0.019 2.147 (1.022; 4.512) 0.044
VATI (em?1n?) 1.004 (0.993; 1.015) 0.534
SATI (em¥/m?) 0.990 (0.980; 1.000) 0.054
TATI (em*m?) 0.998 (0.992; 1.003) 0.416
IMATT (em?/m?) 1.109 (1.023; 1.203) 0.012
VAT density (HU) 1.038 (1.008; 1.068) 0.011 1.090 (1.046; 1.136) <0.001
SAT density (HU) 1.049 (1.018: 1.081) 0.002
IMAT density (HU) 1.069 (1.005; 1.138) 0.034
SMI/TAT 3.296 (0.06; 173.83) 0.556
SMA/TAT 1.448 (0.365; 5.743) 0.598
SMA/VAT 0.864 (0.567; 1.318) 0.498
FFM (kg) 0.990 (0.955; 1.028) 0.611
FM (kg) 0.975 (0.927; 1.025) 0.321
Dichotomized values
SMI (low vs high) 0.647 (0.260; 1.605) 0.347 0.299 (0.089; 1.008) 0.051
VAT (high vs low) 1.013 (0.401; 2.560) 0.978
SAT (high vs low) 0.344 (0.136; 0.869) 0.024
VSR (high vs low) 2.196 (1.014; 4.755) 0.046
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Table VI. Regression analysis for need for intubaticn

Univariable Multivariable
Variables OR 95% CI p OR 95% CI p
Continuous values
Age (years) 1.032 (1.010; 1.055) 0.005 0.995 (0.961; 1.031) 0.788
Sex (male vs female) 1.679 (0.840; 3.356) 0.142 4.138 (1.610; 10.63) 0.003
BMI, (kg/m?) 1.081 (1.006; 1.161) 0.033 1.117 (1.011; 1.233) 0.029
SMA (em?) 0.996 (0.986: 1.006) 0.384
SMI (kg/cm?) 0.991 (0.958: 1.024) 0.584
Muscle density (HU) 0.925 (0.894: 0.958) <0.001 0.914 (0.870; 0.960) <0.001
VAT (em?) 1.002 (0.998: 1.005) 0.346
SAT (cm?) 0.998 (0.995: 1.001) 0.155
TAT (cm?) 1.000 (0.998: 1.002) 0.766
IMAT (em?) 1.038 (1.009: 1.067) 0.009
VSR 1.760 (1.053: 2.943) 0.019
VATI (em?m?) 1.006 (0.996: 1.016) 0.246
SATI (em?m?) 0.996 (0.988: 1.004) 0.274
TATI (em¥m?) 1.000 (0.995: 1.005) 0.992
IMATI (em?m?) 1.106 (1.025: 1.193) 0.009
VAT density (HU) 1.038 (1.011: 1.066) 0.005
SAT density (HU) 1.059 (1.029: 1.091) <0.001 1.071 (1.034; 1.110) <0.001
IMAT density (HU) 1.087 (1.026: 1.151) 0.004
SMI/'TAT 0.753 (0.015; 39.03) 0.888
SMA/TAT 0.856 (0.218; 3.360) 0.824
SMA/VAT 0.811 (0.527; 1.247) 0.339
FFM (kg/m?) 0.985 (0.954; 1.018) 0.384
FM (kg) 0.994 (0.952; 1.037) 0.766
Dichotomized values
SMI (low vs high) 0.754 (0.326; 1.744) 0.510
VAT (high vs low) 1.163 (0.502: 2.695) 0.725
SAT (high vs low) 0.482 (0.199: 1.167) 0.106
VSR (high vs low) 1.802 (0.898: 3.613) 0.097
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Abstract. Background/Aim: The effect of sarcopenia on
patients with severe Covid-19 disease is unknown. We aimed
to assess the influence of baseline computed tomography
(CT)-based body composition parameters (pectoralis muscle
area, pectoralis muscle index, skeleral muscle gauge) on
clinical variables in patients with severe Covid-19 disease.
Patients and Methods: Chest CT scans of adult patients with
confirmed Covid-19 who were hospitalized from March 2020
to May 2021 at a level-one medical center in Germany were
retrospectively analyzed. Pectoralis muscle area, pectoralis
muscle index and skeletal muscle gauge were measured on the
first CT scan after admission. Body composition parameters
were assessed for association with clinical variables and 30-
day mortality. Results: A total of 46 patients were included.
None of the body composition parameters was a predictor for
J0-day mortality, duration of hospital stay, dwration of
intensive care unit treaiment, or duration of invasive
mechanical ventilation. Conclusion: Pectoralis muscle
composition parameters in CT chest scans did not predict
outcomes in adult patients with severe Covid-19 infection.

Sarcopenia is an abnormal body composition defined as the
loss of muscle mass, low muscle strength, and impaired
muscle quality (1). Screening measures include clinical
parameters as well as image-based techniques (1. 2).
Sarcopenia is common in patients aged 63 years and older
and has been related to worse clinical outcome, disability,
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and mortality (3-7). Chest scans with either computed
tomography (CT) or magnetic resonance imaging are
considered the gold-standard for quantitative evalnation of
body compasition (1). Measurements such as skeletal muscle
mass or density can be used as a surrogate marker for
sarcopenia and muscle quality (8-10).

The etiology of sarcopenia is manifold and includes
nutritional, environmental, behavioral, and medical factors.
Sarcopenia 1s associated with malnutrition, metabolic
dysregulation and chronic inflammation, iIncreasing
vulnerability of affected adults to various diseases (9, 11).
Suboptimal protein intake has been associated with
sarcopenia, but the diagnosis does not depend on body
weight and body mass index (12).

The pectoralis muscle index (PMI) and the pecroralis
muscle area (PMA) have been shown to be indicators of
sarcopenia and predictors of clinical variables such as length
of hospital stay and mortality for multiple diseases (7,9, 13-
17). In addition, measurements of muscle density on CT
scans are regarded as an indicator of muscle quality,
reflecting lipid content (10). The skeletal muscle gange
(SMG) integrates both the PMI and muscle density and has
been shown to be associated with outcomes in patients with
cancer (18, 19).

The effect of sarcopenia on patients suffering from
Coronavirus 2019 disease (Covid-19) caused by severe acute
respiratory syndrome coronavirus 2 is yet unknown. The
disease affects mostly elderly people at highest risk for
sarcopenia, with age being an independent risk factor for
worse outcome (20, 21).

Some authors have described that certain body composition
parameters can identify unfavorable outcome in patients with
Covid-19. For example, a higher level of adipose tissue has
been associated with higher rates of hospitalization and
mechanical ventilation (22-24). In another study, higher
visceral fat area and higher abdominal circumference
measured at the lumbar level were correlated with higher rates
of transfer to the Intensive Care Unit (ICU) and mechanical
ventilation, but mortality was not investigated (25).
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Regarding measurement of skeletal mass, however, the
literature results are controversial. For example, in one study,
PMI and PMA were associated with length of hospital stay
and death in Covid-19 patients {26). However, no strong
association berween skeletal muscle index (SMI) and clinical
variables or mortality was found in another study (27).
Density of the pectoralis muscle has been associated with the
risk of death in symptomatic patients with Covid-19 (28). Yet
no effect of the paraspinal muscle index at the T12 level with
clinical outcomes was found in a Chinese cohort of patients
hospitalized with Covid-19 disease (29). The literature is still
preliminary and shows some variation regarding the muscle
region measured and the level where muscle mass is assessed
(9, 30). However, if an association between muscle mass and
clinical outcomes of patients with Covid-19 existed, it might
be an important means of triage at hospital admission.

The purpose of the present study was to analyze the effect
of pectoralis muscle composition, as measured by PMA, PMI
and SMG on CT chest scans, on clinical variables. Length of
hospital stay, length of ICU stay, length of invasive
mechanical ventilation, and mortality at 30 days were assessed
in patients hospitalized with severe Covid-19 infection.

Patients and Methods

Study population. We retrospectively analyzed a sample of patients
admitted to a level-one medical center in Germany with polymerase
chain reaction-confirmed symptomatic Covid-19 infection between
March 2020 and May 2021. Patients that had undergone a CT chest
scan after admission to our clinic were included. Patients were
followed-up until discharge or death. The patient ¢cohort included
both primary admissions and referrals from other hospitals to the
ICU unit. Scans with strong motion artifacts were excluded. For all
patients, the length of overall hospital stay, length of ICU stay,
length of invasive mechanical ventilation, and mortality at 30 days
were noted. Data on clinical variables and mortality were obtained
from the hospital system.

Image analysis. All CT scans were obtained on a multidetector CT
scanner (Siemens Somatom Definition AS+; Siemens Healthcare,
Germany). During the Covid-19 pandemic the scanner was set
aside for suspected or confirmed cases. Patients were positioned in
supine position. The CT protocol was as follows: Acquisition slice
thickness 1 mm with 5 mm reconstructions, tube voltage 120 kV,
automatic tube current modulation, pitch factor 1.2, and collimation
0.6 mm.

We used the first CT scan of patients after hospital admission.
All images were assessed in consensus by two experienced
radiologists (HK and AS) who were blinded to the clinical course
of the patients. Measurements were performed on axial images at
the T4 level in the soft tissue window (window of 45 to 250 HU)
on a dedicated workstation (Infinitt PACS, Version 3.0; Infinitt
Healtheare, Seoul, Republic of Korea). A line was drawn along the
contours of the pecroralis major and minor muscles on both sides
and the bilateral areas as determined by the software were added to
obtain the PMA (Figure 1). Muscle density was measured for each
side on all contrast scans and the mean was calculated. The PMI
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Figure 1. Computed tomography of the thorax of a 67-year-old male
patient after conirast infection. The identified muscle parameters were:
pectoralis muscle area 18.0 cm?, pectoralis muscle index 5.8 em2im2,
muscle density 225 HU, skeletal muscle gauge 1323 AU. The parient
died after 13 days on Intensive Care Unir.

was calculated by dividing the PMA by the patient’s height. SMG
was calculated multiplying the PMI by the mean muscle density as
reported previously (18). SMG units are cm? HU/m2 but are
reported as arbitrary units (AU) for simplicity. A further variable
was caleulated dividing the mean density by the PMA.

Statistical analysis. Mean and standard deviation as well as median
and interquartile range (IQR) were calculated for continuous
variables. To assess the impact of pecroralis muscle composition on
clinical variables and mortality, we used a multivariable logistic
regression model. Odds ratios are presented together with 95%
confidence intervals (95% CI). The resulting p-values were
interpreted in an exploratory sense.

Results

Included patients and muscle mass analysis. Of the 74
patients screened, 46 underwent a chest CT scan at
admission and were included in the analysis. There were 19
female and 27 male patients. The median age was 64.5 years
and median body mass index was 27.3 kgfmz, Baseline
characteristics of patients, PMA, PMI, SMG and
density/PMA are summarized in Table I.

Association berween muscle parameters and clinical
outcomes (Table IT). Nineteen patients died within 30 days
after admission (41.3%). Neither PMI nor PMA were
strongly associated with 30-day mortality. Likewise, SMG,
muscle density and density divided by PMA showed no
significant association with mortality. Moreover, neither age
nor sex were predictors of death at 30 days in our cohort.
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Table 1. Patieni characteristics (n=45).

Characteristic Value
Age, years Median (range) 64.5 (41-92)
Gender, n (%) Male 27 (58.7%
Female 19 (41.3%)
BMI, kg/m? Median (range)  27.3 (20.6-58 5)
Length of hospital stay, days Median (range) 19 (1-53)
ICU stay Yes, n (%) 37 (8D A%)
Median duration 11.5 (2-53)
(range), days
IMV needed Yes, n (%) 3B(TLT%)
Median duration 2285 (46-1268)
(range), h
Moartality, n (%) 30-Day 19 (41 3%)
PMA, cm2 Median (range) 22 R (9.0-64.0)
PMI, cm?/m?2 Median (range) 7.7(3.1-209)
Muscle density, HU Median (range) 270 (4.0-53.5)
SMG, cm? HU/m? Median (range) 188.8(165-612.0)
Muscle density/PMA, HU/em?  Median (range) 13(0.329)

BMI: Body mass index; IMV: invasive mechanical ventilation; PMA:
pectoralis muscle area; PMI: pectoralis muscle index; SMG: skeletal
muscle gauge.

The median length of hospital stay was 19.0 days, with 37
patients (30.4%) being admitted to the ICU for a median of
115 days. A total of 33 patients (71.7%) received invasive
mechanical ventilation for a median duration of 228.5 hours.
No association was found between PMA, PMI, SMG or
density/PMI for length of hospital stay nor length of ICU
stay. No associlation was found between either variable and
length of invasive mechanical ventilation (Table IIT).

Discussion

We aimed to evaluate whether muscle-based body
composition parameters as measured on chest CT scans were
prognosiic factors for mortality and clinical variables such
as length of hospital stay and length of invasive mechanical
ventilation in hospitalized patients with severe Covid-19
disease. Our study is a comprehensive analysis, associating
multiple sarcopenia measures including PMA, PMI, muscle
density, and SMG with clinical variables for patients
hospitalized with Covid-19. We were not able to find an
association between any variable and clinical outcomes nor
30-day mortality in our cohort.

It has been shown that sarcopenia can serve as a predictor
of length of hospital stay and mortality in critically ill and
trauma patients (16, 31-34). In patients with Covid-19, the
results are less clear. Muscle area measurements and skeletal
mass indices as an indicator for sarcopenia have been
conducted at different muscle levels, both at the thoracic and
the pelvic level, with conflicting results. In a smdy by
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Table II. Association of pectoralis muscle composition parameters with
30-day mortality.

Value OR 95% C1 p-Valoe
Age 0.996 0951-1.042 0853
Gender (male) 1.371 0.412-4.563 0.607
BMI 0.990 0922-1.064 0.790
EMA 1.068 0.992-1.150 0079
PMI 1.145 0.906-1.447 0257
Muscle density 0.998 0.951-1.047 0942
SMG 1.002 0.998-1.006 0309
Muscle density/PMA 0.689 0.250-1.903 0472

BMI: Body mass index; CL: confidence interval; IMV: invasive
mechanical ventilation; OR.: odds ratio; PMA: pectoralis muscle area:
PMI: pectoralis muscle index; SMG: skeletal muscle gange.

Schiaffino er al., lower cross-sectional area of paravertebral
muscles were positively associated with ICU admission and
mortality (30). Skeletal muscle indices were not calculated.
In a cohort with 116 patients by Feng et al., no association
between paraspinal muscle index at the TI2 level and
clinical outcomes was found (29). Higher muscle attenuation
was associated with reduced critical illness or death, yet only
for female patients. Kim et al. calculated the SMI at the T12
level and found that sarcopenia was associated with
prolonged hospital stay but not mortality in patients with
Covid-19 (35). In their sample, the ICU admission rate was
only 83% and mortality was 5.8%. Hocaoglu ef al. showed
that higher muscle density as measured in non-contrast CT
was inversely associated with death in patients with Covid-
19 (28). However, over 40% of the cohort of 217 patients
were outpatients and PMI was not measured. Furthermore,
only major pectoralis muscle was measured. No association
with mortality was found for SMI measured below the lung
base in a study by Moctezuma-Veldzquez er al. (27). Ufuk
et al. presented an association between PMA and PMI on
negative clinical outcomes such as intubation, length of
hospital stay, and mortality (26).

Our cohort differs strongly from those analyzed previously
and our patients were more severely affected than in other
samples. The median age for our cohort was 65 years, with
no patient being younger than 41 years, which is older than
the cohort analyzed by Ufuk er al. (median age of 48 years)
(26). This may have introduced selection bias, explaining
why neither age nor sex were a significant predictor of
mortality in our cohort. Overall 30-day mortality was 41%,
while it ranged between 5.8% and 31.8% in other studies
(26, 28, 35). This is mirrored in the high proportion of our
patients treated in the ICU (80 .4%) and requiring mechanical
ventilation (71.7%}). In the sample by Kim et al., the ICU
admission rate was only 8.3% (35). The percentage of
patients receiving mechanical ventilation were 6.6%, 11.5%
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Table I11. Association of pecioralis muscle composition parameters with clinical variables (univariable model).

Length of hospital stay

Length of ICU stay Duration of IMV

Parameter ] 95% CI p-Value B 95% CI p-Value ] 95% CI p-Value
Age =0.009 =0.301-0.283 0953 0241 =0.529-0048 0099 —4918 -11.891-2.054 0162
Gender (male) 0242 —7.392-7.875 0.949 3559 413411253 0356 112450 -70.758-295659 0223
BMI 0003 —0.449-0.455 0989 0300 -0.151-0.751 0187 8280 -2.460-19038 0127
PMA =0.165 =0.547-0.216 0387 0.246 =0.135-0.631 0204 7323 -1.814-16 460 0113
PMI —0.792 —2.222-0.639 0271 0.610 —0.855-2075 0406 17603 -17406-52612 0316
Density —0.100 —0.406-0.205 0511 0.003 —0.310-0315 0987 0269 —7.220-7.758 0943
SMG 0019 =0.043-0.005 0.116 =0.001 =0.026-0025 0963 0033 -0573-0.640 0912
Density/PMA 2879 =3 408-9.165 0361 -2542 —8.955-3872 0429 =T7385 =230534.75765 0314

BMI: Body mass index; CI: confidence interval; ICU: Intensive Care Unit; IMV: invasive mechanical ventilation; PMA: pectoralis muscle area;

PMI: pectoralis muscle index; SMG: skeletal muscle gange.

and 21.4% in the study by Kim er al., Ufuk er al., and
Besutti er al., respectively (22, 26, 35). The study by
Moctezuma- Veldzquez had a patient cohort with
characteristics closer to ours, with an ICU admission rate of
40% and a mortality of 25%, revealing no association with
clinical outcomes (27). A large proportion of our pafients
(73.9%) had a hospital stay of more than 10 days, with a
median of 19 days, compared with 18.5% and 7 days for the
sample by Uftuk er al. (26). Density values in our sample
were measured in contrast CT scans. with other studies using
non-contrast images (28, 29). Hocaoglu ef al. measured the
pectoralis muscle density in non-contrast scans, finding cut-
off values of 34.1 HU for men and 15.9 HU for women for
association with increased mortality (28). Muscle density
values are typically higher when measured in the venous
phase (36). Nevertheless, our mean density was lower than
the cut-off determined by Hocaoglu er al. for the male group,
indicating a more critical disease stage.

Sarcopenia may potentially play a role in clinical outcome
of patients with Covid-19. Yet we were not able to find such
assoclation in patients with severe disease. A possible
explanation for this may be found in the nature of the
disease, which causes multisystem inflammation and organ
failure and subsequent mortality (27). In a cohort already
severely affected by the disease in a progressed state, muscle
mass at admission may no longer be a good predictor for
outcome, as muscle loss 1s already advanced (37, 38).

Our study has several limitations. Firstly, it was a single-
center study with a small cohort. Not all symptomatic
patients with Covid-19 at our center underwent a chest CT
scan at admission. Only those with respiratory distress or
infiltrates on chest X-ray were further evaluated at the

for sarcopenia, the effect of muscle mass at other levels
remains unknown. We did not associate our muscle indices
with comorbidities.

In conclusion, in patients severely affected by Covid-19,
pectoralis muscle composition parameters were not
associated with length of hospital or ICU stay, length of
mechanical invasive ventilation, or 30-day mortality. Further
research is warranted to determine whether muscle indices
predict clinical outcome in patients with a less advanced
stage of disease.
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Prognostic Role of the Pectoralis
Musculature in Patients with
COVID-19. A Multicenter Study

Alexey Surov, MD, Hakan Kardas, MD, Giulia Besutti, MD, Massimo Pellegrini, MD, Marta Ottone, MD,
Mehmet Ruhi Onur, MD, Firat Atak, MD, Ahmet Gurkan Erdemir, MD, Elif Hocaoglu, MD,

Omer Y:ldiz, MD, Ercan Inci, MD, Eda Cingoz, MD, Mehmet Cingoz, MD, Memduh Dursun, MD,

inan Korkmaz, MD, Cagr: Orhan, MD, Alexandra Strobel, MD, Andreas Wienke, MD, Maciej Pech, MD

Rationale and Objectives: To evaluate the impact of low skeletal muscle mass in patients with COVID-19 on relevant outcomes like
30-day mortality, need for intubation and need for intensive care unit admission.

Materials and Methods: For this study, data from six centers were acquired. The acquired sample comprises 1138 patients. There were
547 women (48.1%) and 591 men (51.9%) with a mean age of 54.5 + 18.8 years; median age, 55 years; range, 1884 years). In every
case, thoracic CT without intravenous application of contrast medium was performed. The following parameters of the pectoralis muscles
were estimated: muscle area as a sum of the bilateral areas of the pectoralis major and minor muscles, muscle density, muscle index
(PMI) (pectoralis muscle area divided by the patient’s body height square) as a ratio pectoralis major and minor muscles divided by the
patient’s body heightz, and muscle gauge as PMI x muscle density.

Results: Overall, 220 patients (19.33%) were admitted to the intensive care unit. In 171 patients (15.03%), mechanical lung ventilation was
performed. Finally, 154 patients (13.53%) died within the observation time of 30-day. All investigated parameters of pectoralis muscle
were lower in the patients with unfavorable courses of Covid-19. All pectoralis muscle parameters were associated with 30-day mortality
in multivariate analyses adjusted for age and sex: pectoralis muscle area, HR = 0.93 C195% (0.91-0.95) p < 0.001; pectoralis muscle den-
sity, HR = 0.94 Cl 95% (0.93—0.96) p < 0.001; pectoralis muscle index, HR = 0.79 Cl1 95% (0.75—-0.85) p <= 0.001, pectoralis muscle
gauge, HR = 0.995 C195% (0.99—0.996) p < 0.001.

Conclusion: in COVID-19, survivors have larger areas and higher index, gauge and density of the pectoralis muscles in comparison to
nonsurvivers. However, the analyzed muscle parameters cannot be used for prediction of disease courses.

Key Words: COVID-19; sarcopenia; survival.
© 2022 The Association of University Radiologists. Published by Elsevier Inc. All rights reserved.

INTRODUCTION

he coronavirus disease 2019 (COVID-19) pandemic
represents a great problem for the global health. The
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clinical course of COVID-19 is very variable. In fact,
although it has been identified that most patients had a rela-
tively mild course, some patients still had a rapid progression
with fatal outcome (1,2). However, some patients had a rapid
progression of disease with fatal outcome (1,2).

Therefore, prediction of unfavorable outcomes of
COVID-19 is essential. Already established prognostic factors
are age and sex (3,4). Comorbidities, such as dementia, heart
failure and peripheral vascular diseases are also predictors of
an unfavorable course of the disease (3,4).

Computed tomography (CT) is the imaging modality of
choice in COVID-19, especially for detection of pulmo-
nary consolidations (5—7). Typical imaging findings in
COVID-19 are bilateral, peripheral dominant ground-glass
opacities with lower lobe and posterior predilection (5-7).
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Also, extrapulmonary findings play an important role in
COVID-19 (8). It has been shown that pleural effusion, peri-
cardial effusion and mediastinal ]\r.-'mp]ladc“m‘)pAdl\r.-' can be
used as predictors of severe course of COVID-19 (6,8). In
fact, pleural effusion and coronary calcifications are strong
prc“dict()rﬁ L‘J-i‘]lll’)]‘t;-].]il’.\r.-' n COVID-19, odds atio (OR) = 4.6
(95% CI 2.97—7.12), p < 0.00001, and OR. = 2.68 (95% CI
1.78—4.04), p = 0.00001, respectively (8).

Si]ilihr]}-‘, low skeletal muscle mass (LSMM) measured on
CT can ako predict unfavourable courses of COVID-19 (9).

The purpose of the present multi-center study was to eval-
uate the impact of LSMM in COVID-19 patients on relevant
outcomes like 30-day mortality, need for intubation and
need for intensive care.

METHODS
Data Acquisition and Patients

This retrospecdve study was approved by our instimdonal
review board (Medical Faculty, Owo-von-Guericke-Univer-
sity Magdeburg, number 145-21).

This study comprises data from six centers:

- Radiology Unit, Azienda USL-TRCCS di Reggio Emi-
lia, Reeggio Emilia, Taly;

Departmment of Radiology, University of Hacettepe
School of Medidne, Ankara, Turkey;
Department of Radiology and Nuclear Medicine, Otto-

von-Guericke University Magdeburg;

Department of Radiology, University of Health Sciences,
Bakirkoy Dr. Sadi Konuk Research and Training Hospi-
tal, Radio]og}-;

- Department of Radiclogy, Mustafa-Kemal-University,
.-‘\1][;4]\:}-';4, Turkc'-:.-';

Department of Radiology, Istanbul University, Istanbul,
Turkey.

- In the centers, the data were acquired retrospectdvely.

Inclusion criteria were as follows:
diagnosis of COVID-19 confirmed by PCR;

available thoracic CT images without intravenous admin-

istration of contrast medium;

available data regarding the following clinical outcomes:
3[]-d;ur.-' m:')rtu.]il\r.-', need for mechanical ventilation, and
admission on an intensive care unit.

Exclusion criteria were as follows:

- cases with missing data rc'-gdrding the E]]’c"\-‘it']-tlﬁ]}-‘-]Ilc"I]-
tdoned outcomes:

- CT images after intravenous applicatdon of contrast
medium;

- missing confirmation of COVID-19 infection by PCR.

The acquired sample comprises 1138 patients. There were
547 women (48.1%) and 591 men (51.9%) with a mean age
of 545 £ 18.8 years; median age, 55 years; range, 18—84

years). In every case, thoracic CT wathout intravenous
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Figure 1. Imaging findings in a 55- year-old woman with COVID-
19. Pectoralis muscle area = 14,48 em?®, pectoralis muscle den-
sity = 28 HU, pectoralis muscle index = 5.19, pectoralis muscle
gauge = 145.3. The patient died on the day 19 after admission.
(Color version of figure is available online.)

App]ical'j:'m of contrast medium was pt‘ri-ormc“d on different
clinical CT scanners or on each center’'s CT units.

Measure of the Pectoralis Musculature on CT

In every case, the fist CT scan of patients after hospital
admission was used. In all six centers, measurements were
pefformed by experienced radiologists blinded to the clinical
course of patients. The measurements were performed on
axial images at the T4 level in the soft tissue window on dedi-
cated workstations. A polygonal region of interest (ROT) was
drawn along the contours of the pectoralis major and minor
muscles on both sides (Figs 1 and 2). Pectoralis muscle area
(PMA) was defined as a sum of the bilateral areas of the pec-
toralis major and minor muscles. Furthermore, pectoralis
muscle density was measured within the ROIs. Pectoralis
muscle index (PMI) was calculated as a ratio PMA divided l‘J}-‘
the patient’s body height square. Additionally, skeletal muscle
gauge (SMG) was calculated h\f.-' ]Ill.l]l'.‘ip]}-‘iﬂg PMI with mean
muscle density as reported previously (10).

Figure 2. Imaging findings in a 61- year-old old man with COVID-
19. Pectoralis muscle area = 28.17 cm?, pectoralis muscle den-
sity = 30 HU, pectoralis muscle index = 8.69, pectoralis muscle
gauge = 260.7. The patient was discharged in good health. (Color
version of figure is available online.)
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PECTORALIS MUSCULATURE

Statistical Analysis

Statistical analysis was pedformed wing the SPSS package
(IBM SPSS Statistics for Windows, version 225.0, Armonk,
NY: IBM corporation). Continuous variables were described
by mean value, median and standard deviation. Categorical
variables were given as reladve frequencies. The comparison
of pectoralis muscle parameters was performed by Mann-
Whitney-U tests and the p-values were adjusted for muldple
testing (Bonferroni correction). To assess the impact of the
pectoralis musculatire on dinical outcomes, uni- and muld-
variable logistic regression models were used to asess the
impact of pectoralis muscle on clinical outcomes. Odds ratios
are presented together with 95 % confidence intervals (95 %
CI). In all instances, pvalues < (.05 were taken to indicate
statistical significance.

RESULTS

The estimated values (Mean % SD) of the pectoralis muscles
were as follows: pectoralis muscle area, 2891 £ 13.60 cm:
skeletal muscle index, 10.85 & 4.47 cm®/m™; pectoralis mus-
cle density, 35.50 x 13.77 HU; pectoralis musele gauge,
401.30 £ 251.87.

Owerall, 220 patdents (19.33%) were admitted to intensive
care unit. Furthermore, in 171 patients (15.03%), mechanical
lung ventilation was performed. Finally, 154 patdens
(13.53%) died within the observation tme of 30-day. All
investigated muscle values or parameters of pectoralis muscles
were lower in the patdents with unfavorable courses of
COVID-19 (Table 1).

Regression analysis identified that all pectoralis muscle
parameters asocated  with  unfavorable
(Table 2). Also, all pectoralis muscle parameters were associ-
ated with unfavorable courses after adjusting for age and sex

(Table 3).

were courses

DISCUSSION

The present study showed at the fisst dme the prognostc role
of the pectoralis musculature in COVID-19 based on a large
sample in a multicenter seting.

According to the literature, parameters of body composi-
tion measured on cross sectional imaging techniques like CT
play an important clinical role and are strong predictors for
several relevant outcomes in different disorders (11-15).
Importantly, muscle measurement s a by-product of cross-
sectional imaging and does not need additional investdgations.
So far, in patients with abdominal wauma, low skeletal muscle
mass on CT is significantly associated with longer hospitaliza-
tion, longer intensive care length of stay, higher cost, higher
frequency of mechanical ventilation, longer durmtion of vaso-
pressor use, and higher incidence of massive ransfusion and
transfusion-related  complicaions  (11). Furthermore, in
trauma patients, LISMM increases risk of 30-day mortality,
RR = 1.60 CI95% (1.21—=2.13) and risk of 1-year mortality,
RR = 3.11 CI195% (1.94—4.96) (12).

There are numerous large meta-analyses suggesting that
LEMM is an esential biomarker in oncology. In short, in
lung cancer, LSMM is associated with a shorter overall sur-
vival HR. = 2.23 CI 95% (1.68—2.94) (13). In head and neck
cancer, LSMM is asodated with occurrence of severe post-
operative complicalions, OR = 479, CI 953% (2.52=9.11),
and predics disease free survival HR = 1.64, CI 95%
(1.33—2.03), as well as overall survival, HR. = 1.87, CI 95%
(1.53—2.29) (14). Finally, LSMM predicts worse overall sur-
vival in gastric cancer, HR = 2,12, (I 95% (1.89-2.38) (15).
Similar findings are known for pancreatic cancer, colorectal
cancer, esophageal cancer, prostatic cancer, and malignant
hematological diseases (16—20). In intensive care units,
LSMM predicts short-term mortality, HR. = 2.78 CI 95%
(2.05—3.75) (21).

2

TABLE 1. Comparison of the Pectoralis Muscle Parameters in Patients With COVID-19

a. Pectoralis Muscle Values and Need for ICU Admission

Muscle Parameters No ICU Admission ICU Admission p Values
Pectoralis muscle area, cm?® 29.80 +14.17 25.20 + 10.09 =0.001
Pectoralis muscle density, HU a7.20+1298 28.03 + 1456 =0.001
Pectoralis muscle index, cm®/m? 11.03 + 4,60 9.23 + 354 =0.001
Pectoralis muscle gauge 43677 + 252.03 27455 + 206.89 =0.001
b. Pectoralis Muscle Values and Need for Mechanical Ventilation
Muscle Parameters No Mechanical Ventilation Mechanical Ventilation p Values
Pectoralis muscle area, cm® 29.754 + 13,95 24,156 = 10.16 =0.001
Pectoralis muscle density, HU 36.916 + 13.06 27.484 + 15.06 =0.001
Pectoralis muscle index, em?/m?® 11.242 + 453 8.866 + 3.57 <0.001
Pectoralis muscle gauge 429.678 + 250.47 257.508 + 206.24 =0.001
c. Pectoralis Muscle Values and 30-day Mortality
Muscle Parameters Survivors Nonsurvivors p Values
Pectoralis muscle area, cm? 30.189 + 13.74 20757 +9.13 =0.001
Pectoralis muscle density, HU 36.841 + 1315 26.929 + 1471 =0.001
Pectoralis muscle index, cm®/m? 11.277 + 4.49 8.0365 = 3.15 =0.001
Pectoralis muscle gauge 428.305 + 250.02 223,505 + 182.80 =0.001
79
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TABLE 2. Associations Between Pectoralis Muscle Values and Unfavorable Outcomes in COVID-19 (Univariate Analysis)

a. Associations Between Pectoralis Muscle Values and Need for Intensive Care Admission

Muscle Parameters OR Cl95% p Values
Pectoralis muscle area, cm? 0.97 (0.96, 0.98) -=0.001
Pectoralis muscle density, HU 0.95 (0.93, 0.96) <0.001
Pectoralis muscle index, cm®/m? 0.88 (0.85, 0.92) =0.001
Pectoralis muscle gauge 0.996 (0.996, 0.997) =0.001
b. Associations Between Pectoralis Muscle Values and Need for Mechanical Ventilation

Pectoralis muscle area, cm? 0.97 (0.95, 0.98) <0.001
Pectoralis muscle density, HU 0.95 (0.93, 0.96) <0.001
Pectoralis muscle index, cm?®/m? 0.86 (0.82, 0.90) <0.001
Pectoralis muscle gauge 0.996 (0.995, 0.997) <0.001
c. Associations Between Pectoralis Muscle Values and 30-day Mortality

Pectoralis muscle area, cm? 0.93 (0.91, 0.95) -=0.001
Pectoralis muscle density, HU 0.94 (0.93, 0.96) <0.001
Pectoralis muscle index, cm“/m? 0.79 (0.75, 0.85) <0.001
Pectoralis muscle gauge 0.995 (0.993, 0.996) =0.001

In COVID-19, data concemning the role of LSMM are
mixed (9,22—25). So far, Schiaffino et al. indicates that
LSMM is strongly associated with either ICU admission,
OR = 4.8, CI 95% (2.7-8.5), p < 0.001 and mortality,
OR = 2.3, CI 95% (1.0-2.9), p = 0.027 (9). Kim et al.
reports that LSMM is associated with prolonged hospital
stay in patients with COVID-19 but not with mortality
22). However, other authors do not report significant
relationships between LSMM and relevant outcomes in
patients with COVID-19 (24,25). For example, according
to Moctezuma-Velizquez et al., skeletal muscle index is
not associated with negative outcomes, such as in-hospital
mortality, need of invasive mechanical vendlation, and
intensive care unit admission, in hospitalized patients with
COVID-19 (24).

Owur resuls based on the largest cohort to date show thatall
pectoralis muscle values including muscle area, index, density
and gauge are statistically significant higher in survivers vs

nonsurvivors. It indicates that padents with more meubolic
reserve and predominance of anabolic processes may have a
better prognosis. However, according to the regression analy-
sis, the investigated pectoralis muscle parameters cannot dis-
criminate patients with favorable vs unfavorable disease
courses. This finding suggests that the status of the pectoralis
musculature  cannot be used for patients stadfying in
COVID-19.

Associations between LSMM and unfavorable courses of
COVID-19 are multifactorial. The presence of LSMM may
reflect a state of malnutrition and/or catabolism. It is also
known that anemia and hypoalbuminemia are assodated
with low muscle density (26). Furthermore, there are signifi-
cant interactions between the skeletal musculature and
immune system. So far, skeletal muscles release numerous
myokines with autocrine, paracrine, and immune effects (27).
For instance, interleukin (IL)-15 is a myokine that stimulates
proliferadon and activation of natural killer cells and CD8+

TABLE 3. Associations Between Pectoralis Muscle Values and Unfavorable Outcomes in COVID-19 (Multivariate Analysis)

a. Associations Between Pectoralis Muscle Values and Need for Intensive Care Admission

Muscle Parameters OR CI95% p Values
Pectoralis muscle area, cm? 0.99 (0.98, 1.007) 0.391
Pectoralis muscle density, HU 0.96 (0.95, 0.97) =0.001
Pectoralis muscle index, cm?/m? 0.94 (0.90, 0.99) =0.001
Pectoralis muscle gauge 0.998 (0.997, 0.999) =0.001
b. Associations Between Pectoralis Muscle Values and Need for Mechanical Ventilation

Pectoralis muscle area, cm? 0.98 (0.97, 0.99) 0.033
Pectoralis muscle density, HU 0.96 (0.94, 0.97) =0.001
Pectoralis muscle index, cm*/m?® 0.87 (0.87, 0.96) =0.001
Pectoralis muscle gauge 0.997 (0.996, 0.999) =0.001
c. Associations Between Pectoralis Muscle Values and 30-day Mortality

Pectoralis muscle area, cm® 0.96 (0.94, 0.98) <0.001
Pectoralis muscle density, HU 0.96 (0.95, 0.98) =0.001
Pectoralis muscle index, cm“/m® 0.86 (0.80, 0.91) =0.001
Pectoralis muscle gauge 0.996 (0.995, 0.998) =0.001
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PECTORALIS MUSCULATURE

T lymphocytes (28). These cells play an essential role in anti-
viral immune defense (28). Furthermore, IL 15 induces acti-
vation and phagoeytosis of neutrophils (29). IL 15 also delays
human neutrophil apoptosis (30). Presumably, in patens
with reduced muscle quantity and/or quality a smaller num-
ber of myokines is produced.

Notably, different measurements and values for estimation
of LSMM in patents with COVID-19 are used. According
to the literature, SMI estimation on CT at the level of the
third lumbar vertebra (L3) represents a standardized method
to quantify the skeletal musculature (31). In patients with
COVID-19, often only thoracic CT investigations for the
analysis of pulmonary damage are performed. Therefore, the
estimation of the standardized SMI values at the 13 level 15
impossible. Hence, in the previous studies, other vertebral
levels for the quandfication of the skeletal musculature are
proposed, such as thoracic vertebra 5 (32), thoracic vertebra
12 (22,24,33), or lumbar vertebra 1 (34).The pectoralis
muscles as surrogate marker is also used (35,36).

The present study has several limitations. Firstly, it is based
on retrospective cohorts. Secondly, only patients, who
underwent CT investigations without intravenous adminis-
tration of contrast medium, were included. Thirdly, we did
not analyze virus subtypes in our patients. It is well known
that several viruses provoke different disease severity. How-
ever, to date, it is the largest multicenter cohort and our
results represent evidence based data regarding associations
between skeletal musculature and dinical outcomes in
COVID-19.

In conclusion, in COVID-19, survivors have larger areas
and higher index, gange and density of the pectoralis muscles
in comparison to nonsurvivors. However, the analyzed mus-
cle parameters cannot be used for predicdon of disease
courses.
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ObJectlve: To evaluate the association of body compaosi- 0.001). Higher MD was a protective factor for MV and
tion parameters with outcomes in Covid-19. ICU admission (OR = 0.914, 95%CI=(0.870;0.960), p <
Methods: 173 patients hospitalized for Covid-19 infection 0.007;, OR = 0.882, 95%CI=(0.832;0.934), p = 0.028).
in & European centers were included in this retrospective Higher VSR was associated with mortality (OR = 2147,
study. Measurements were performed at L3-level and 95%CI=(1.022;4.512), p = 0.044). Male sex showed the

comprised skeletal muscle index (SMI), muscle density strongest influence on the risk of ICU admission and MV,
(MD), and adipose tissue measurements [visceral SMI was not associated with either parameter.

adipose tissue (VAT), subcutaneous adipose tissue Concluslon: In patients hospitalized for Covid-19 infec-
(SAT), intramuscular adipose tissue (IMAT), visceral- tion, higher VSR seems to be a strong prognostic factor
to-subcutaneous-adipose-tissue-area-ratio (VSR)]. The of short-term mortality. Weak associations with clinical
association with mortality, the need for intubation (MV), course were found for MD and adipose tissue measure-
and the need for admission to ICU within 30 days were ments. Male sex was the strongest prognostic Tactor of
evaluated. adverse clinical course,

Results: Higher SAT density was associated with a Advances In knowledge: VSR is a prognostic biomarker
greater risk of MV (OR = 1071, 95%CI=(1.034110), for 30-day mortality in patients hospitalized for Covid-19

p < 0.001). Higher VAT density was associated with disease.
admission to ICU (OR = 1.068, 95%CI=(1.029;1109), p <

INTRODUCTION composition are still mixed and results are contradictory,
In coronavirus 2019 disease (Covid-19), body composi- with other studies not finding a relevant association.* !¢
tion parameters are increasingly emerging as risk factors

for clinical course and mortality."* Obesity and increased Given the ongoing nature of the pandemic, prognosis of
abdominal adipose tissue have been shown to be asso- clinical course and mortality in Covid-19 disease remains
ciated with severe clinical disease and morta]lty,"s Like- essential. Age and sex are already established prog-
wise, low skeletal muscle mass, in clinical routine used nostic markers for Covid-19 patients and associated with
as a surrogate marker for sarcopenia, seems to influence mortality.'""? At the same time, standardized parame-
patient outcome.®” However, the data on the role of body ters that allow for better stratification are warranted. The

use of CT-derived measurements of skeletal muscle and
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Figure 1. Representative examples of abdominal CT scans
with segmentation of skeletal muscle: intramuscular adipose
tissue (green), visceral adipose tissue (yellow), subcutane-
ous adipose tissue (blue), skeletal muscle (red). (A) Patient 1
(fernale) had an SMA of 98.1cm?, an SMI of 37.4ka/cm?, a VAT
of 314.2cm? and a VSR of 0.91 (1a). (B) Patient 2 (male) had
a SMA of 140.3cm?, an SMI of 46.4 ka/cm?, a VAT of 72.2cm?,

and a VSR of 0.72 (Ib). SMA, skeletal muscle area; SMI, skeletal
muscle index; VAT, visceral adipose tissue; VSR, visceral-to-
subcutaneous adipose tissue area ratio.

abdominal fat tissue allows quantification of different body
composition parameters in routine clinical use. For skeletal
muscle mass, measurements of paraspinal, abdominal wall, and
psoas muscles are usually performed at the L3 level.” For visceral
adipose tissue measurements, the optimal level of measurement
is not yet standardized.” Published studies have used different
levels, both below and above the L3 level.

As fat depots are not distributed equally across the body and pose
various cardiometabolic risks, different kind of fat tissues are
usually evaluated. Fat tissue parameters like total adipose tissue
(TAT), visceral adipose tissue (VAT), subcutaneous adipose
tissue (SAT), and intramuscular adipose tissue (IMAT) have
been associated with clinical course in different diseases.'*'*
Recently, it was shown that excess VAT, as expressed by the
visceral-to-subcutaneous adipose tissue area ratio (VSR) was
associated with the risk of ICU admission in Covid-19 patients.'®

There is a paucity of studies assessing the association between
a detailed set of standardized abdominal body composition
parameters—including both muscle and adipose tissue measure-
ments—and clinical outcomes and mortality in Covid-19
patients. The purpose of this study was therefore to determine
the value of different body composition parameters to predict
both Covid-19 severity (risk of ICU admission, invasive ventila-
tion) and mortality within 30 days in a large multicenter cohort.

METHODS
For the present study, data from the following six centers in
Europe were retrospectively analyzed:

Clinic for Radiology and Nuclear Medicine, University
Hospital Magdeburg, Magdeburg, Germany (n = 25).

Istanbul Medical Faculty Radiology Department, Istanbul
University, Istanbul, Turkey (n = 47).

Hatay Mustafa Kemal University, Faculty of Medicine,
Department of Radiology, Antakya, Hatay, Turkey (n = 12).
Radiology Department, University of Health Sciences,
Bakirkoy Dr Sadi Konuk Research and Training Hospital,
Bakirkoy, Istanbul, Turkey (n = 23).

Radiology Department, Health Science University, Prof Dr
Cemil Tascioflu City Hospital, Istanbul, Turkey (n = 47).
Department of Radiology, Tekirdag Namik Kemal University,
Tekirdag, Turkey (n = 19).

Patients were identified from electronic hospital records from
March 2020 to December 2021. The study was approved by the
local ethic committees.

Inclusion criteria across all centers were:

PCR confirmed Covid-19 disease.

Hospitalization for symptoms or complications associated
with Covid-19 disease.

Available abdominal CT images with or without contrast
medium injection.

Available data regarding the following outcome variables:
mechanical ventilation, admission to ICU, mortality within 30
days of admission.

Exclusion criteria were

« Missing clinical data.

« Hospitalization for other causes than Covid-19 disease.
« Missing abdominal CT scan on L3 level

The analyzed convenience sample comprised 173 patients, with
93 males and 80 females. Median age was 61 years (range 17-91).

Measurement of body composition parameters

In all cases, the first opportunistic abdominal CT scan after
hospital admission was used. Image analysis was standardized
across all six centers. All body composition measurements were
performed by two trained residents (with 2 and 3 years of expe-
rience, respectively) semi-automatically on axial images at the
midsection of the third lumbar vertebra level (L3) in the soft
tissue window (window of 45-250 HU) with the freely available
Image] Software (v. 1.53, National Institute of Health, Bethesda,
Maryland, USA) (Figure 1). Review of measurements and neces-
sary corrections were performed by one experienced radiologist
(MH, with 4 years of experience in muscle and fat demarcation)
blinded to the clinical course of the patients. All measurements
were performed on non-contrast images. The following param-
eters of body composition were estimated: skeletal muscle area
(SMA), SAT, VAT, TAT, and IMAT were measured on cross-
sectional images automatically by the software. The relative
distribution of abdominal body fat was assessed by the VSR,
which was calculated by dividing VAT by SAT. The skeletal
muscle index (SMI) was calculated by dividing the SMA by the

birpublications.org/bjr
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patient’s height squared in cm. Adipose tissue indices were calcu-
lated in an analogous manner. Low skeletal muscle mass {LSMM)
was defined as SMI <52.4cm’/m” for males and <38.5cm?/m?
for females.'” High VAT and high SAT were defined as an area
>100cm’. High VSR was defined as >=1.1. Additionally, radioden-
sity of the analyzed body compartments was measured. Finally,
fat-free mass (FFM) and fat mass (FM) were calculated using the
following formulae'® ;

FFM (kg) = 0.30x[muscle L3 cross-sectional area] + 6.06;

FM (kg) = 0.042x[fat L3 cross-sectional area] + 11.2.

Statistical analysis

SPSS v. 25 was used for statistical analysis (IBM SPSS Statistics,
NY). Mean and standard deviation as well as median and inter-
quartile range (IQR) were calculated for continuous variables.
Influence of body composition parameters on the risk of IMV,
ICU admission, and mortality was assessed using logistic regres-
sion. Odds ratios are presented together with 95% confidence
intervals (95% CI). The resulting p-values were interpreted in an
exploratory sense.

RESULTS

Of the included patients, 52 were admitted to ICU, 46 required
mechanical ventilation, and 33 patients died within the 30day
observation period.

Patients baseline characteristics and measurements of body
compaosition parameters are summarized in Table 1.

30-day mortality

In univariable analysis, several body composition parameters
were associated with mortality (Table 2). In multivariable anal-
ysis, IMAT, VSR, and VAT density showed a relevant influence on
mortality. There was no association between SMI and mortality
{Table 2).

Mechanical ventilation
Muscle density, SAT density, and BMI showed a relevant associa-
tion with the risk of intubation. Male sex was also strongly associ-
ated with the risk of intubation. Neither adipose tissue parameter
nor skeletal muscle parameter showed a relevant influence on the
risk of intubation (Table 3).

ICU admission
In univariable analysis, numerous values of body compositions
showed an influence on the risk of ICU admission (Table 4).

In multivariable analysis, muscle density, VAT density, SAT, and
BMI were associated with the risk of ICU admission. Sex also
showed a relevant influence (OR = 3.423, 95%CI=(1.294; 9.054),
p=0.013) (Table 4).

DISCUSSION

Owr study indicates that higher VSR, IMAT and VAT density are
prognostic factors of higher 30-day mortality when assessed on
abdominal CT scans among patients hospitalized for Covid-19

Surov et &f

Table 1. Baseline characteristics of included patients

Variables Total N= 173
Age, (range) 61 (17-91)
Male / female, n 93, 80
BMI 27.4kg/m?
SMA 1182 cm’
SAT 207.3 cm’
IMAT 15.6cm”
VAT 180.6 cm”
Muscle density 27.2HU
SAT density -100.1 HU
IMAT density -61.5HU
VAT density -90.1 HU
TAT 419.6cm’
SMI 40,1 kg/cm®
SATI 71.7 cm’/m?
IMATT 54cmym’
VATI 59.2 cm’/m’
TATI 1413 cm’/m*
VSR 0.81
FEM 41.5kg
EM 28.8kg
Low SMI, n 110 (63.6 %)
High VAT, n 136 (78.6 %)
High SAT,n 148 (85.5 %)
High VSR, n 48 (27.7 %)
30-day mortality, n 33(19.1 %)
30-day IMV, n 46 (26.6 %)
30-day ICU, n 52 (30.1 %)

EMI, body mass index; FFM, fat free mass; FM, fat mass; HU, Hounsfield
unit; IMAT, intramuscular adipose tissue; IMATI, intramuscular adipose
tissue index; SAT, subcutanecus adipose tissue ; SATI, subcutaneous
adipose index; SMA, skeletal muscle area; SMI. skeletal muscle index;
TAT, total adipose tissue; TATI, total adipose tissue index; VAT, visceral
adipose tissue; VATI, visceral adipose tissue indeX; VSR, visceral-to-
adipose-tissue ratio.

Values are median, unless otherwise indicated.

infection. This association is independent of other known prog-
nostic factors, such as age, sex, and BMIL VSR may therefore be
used as a marker for adverse outcome.

Decreased muscle density, increased SAT density and BMI
showed a weak association with the risk of intubation. Decreased
muscle density and increased VAT density were also weakly
associated with the risk of ICU admission, as was decreased
SAT. However, none of these biomarkers may be used as a
prognostic factor of clinical course. The strongest influence for
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Table 2. Regression analysis for 30-day mortality

Univariable Multivariable
Variables OR 95% CI P OR 95%CI P
Continuous values
Age (years) 1.034 (1.008; 1.060} 0.010 1015 (0.979; 1.053) 0.408
Sex (male vs female) 2.300 (1.020; 5.186) 0.045 2.891 (0.915;9.132) 0.070
BMI, (kg/m?) 1013 (0.936; 1.096) 0.749 1.030 (0.941; 1.128) 0.521
SMA (cm?) 0.997 (0.986; 1.008) 0611
SMI (kg/cm?) 0.595 (0.958; 1.032) 0.777
Muscle density (HU) 0.935 (0.901; 0.971) <0.001
VAT (cm?) 1.001 (0.997; 1.005) 0.642
SAT (cm?) 0.996 (0.992; 1.000) 0.035
TAT (cm’) 0.999 (0.997; 1.001) 0321
IMAT (cm?) 1.042 (1.011; 1.073) 0.008 1.083 (1.035; 1.133) <0.001
VSR 1.918 (1.114; 3.305) 0.019 2.147 (1.022; 4.512) 0.044
VATI {cm?/m?) 1.004 (0.993; 1.015) 0.534
SATI (cm®/m?) 0.990 (0.980; 1.000) 0.054
TATI (cm?/m?) 0.998 (0.992; 1.003) 0.416
IMATI (cm’/m?) 1109 (1.023; 1.203) 0.012
VAT density (HU) 1.038 (1.008; 1.068} 0.011 1.090 (1.046; 1.136) <0.001
SAT density (HU) 1.049 (1.018; 1.081) 0.002
IMAT density (HU) 1.069 (1.005; 1.138} 0.034
SMI/TAT 3.296 (0.06; 173.83) 0.556
SMA/TAT 1.448 (0.365; 5.743) 0.598
SMA/VAT 0.864 (0.567; 1.318) 0.498
FEM (kg) 0.990 (0.955; 1.028) 0.611
FM (kg) 0.975 (0.927; 1.025) 0321
Dichotomized values
SMI (low vs high) 0.647 (0.260; 1.605) 0.347 0.299 (0.08%; 1.008) 0.051
VAT (high vs low) 1013 (0.401; 2.560) 0.978
SAT (high vs low) 0.344 (0.136; 0.869) 0.024
VSR (high vs low) 2.196 (1.014; 4.755) 0.046

BMI, body mass index; FFM, fat free mass; FM, fat mass; HU, Hounsfield unit; IMAT, intramuscular adipose tissue; IMATI, intramuscular adipose
tissue index; SAT, subcutaneous adipose tissue; SATI, subcutanecus adipose index; SMA, skeletal muscle area; SMI, skeletal muscle index; TAT, total
adipose tissue; TATI, total adipose tissue index: VAT, visceral adipose tissue; VATI, visceral adipose tissue index; VSR, visceral-to-adipose-tissue

ratio.

both outcomes was found for sex. To our knowledge, this is to
date the largest study performing a comprehensive analysis of
both adipose tissue and musculature parameters on different
outcomes in patients hospitalized for Covid-19 disease.

Several studies have shown an influence of different body
composition parameters on outcomes in Covid-19 disease. In
a small cohort with 51 patients, Chandarana et al showed that
patients requiring hospitalization for Covid-19 disease had a
higher VAT at the L3 level than those who did not require hospi-
talization.'” Similarly, higher VAT was associated with the risk of

ICU admission in an Italian cohort.*” Higher VAT was predictive
of the cumulative outcome of severe disease or death in a large
American cohort.?! Similarly, visceral fat area was associated
with higher risk of ICU admission and 30 day mortality in a UK
cohort.”” The studies did not investigate other parameters such
as adipose tissue densities, IMAT, or VSR. Molwitz et al did not
find an influence of either adipose tissue parameter and muscle
density on clinical outcomes in a German cohort.”® The study by
Viddeleer et al showed an association between increased IMAT
and 21-day mortality.®* A recent meta-analysis found an influ-
ence of LSMM and high VAT on in-hospital mortality.®
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Table 3. Regression analysis for need for intubation
Univariable Multivariable

Variables OR 95% CI P OR 95% CI P

Continuous values

Age (years) L.032 (1.010; 1.055) 0.005 0.995 (0.961; 1.031) 0.788

Sex (male vs female) 1.679 (0.841; 3.356) 0.142 4138 (1.610; 10.63) 0.003

BMI, [I:g-'ml] 1.081 (1.006; 1.161) 0.033 L117 (1.011; 1.233) 0.029

SMA (cm?) 099 (0.986; 1.006) 0.384

SMI [kg;'ClTIE:I 0.591 (0.958; 1.024) 0.584

Muscle density (HU) 0.925 (0.894; 0.958) <0001 0914 (0.870; 0.960) <0001

VAT (cm®) 1.002 (0.998; 1.005) 0.346

SAT (cm?) 0.998 (0.995; 1.001) 0.155

TAT (cm?) 1.000 (0.998; 1.002) 0.766

IMAT (cm?) 1.038 (1.009; 1.067) 0.009

VSR 1.760 (1.053;2.943) 0.019

VATI {cm’/m?) 1.006 (0.996; 1.016) 0.246

SATI (cm*/m?) 0.996 (0.988; 1.004) 0.274

TATI (cm*/m?) 1.000 {0.995; 1.005) 0.992

IMATI (cm¥/m?) 1.106 (1.025; 1.193) 0.009

VAT density (HU)} 1038 (1.011; 1.066) 0.003

SAT density (HU) 1.059 (1.029; 1.091) <0.001 1.071 (1.034; 1.110) <0001

IMAT density (HU) 1.087 (1.026; 1.151) 0.004

SMITAT 0.753 (0.015; 39.03) 0.888

SMAJTAT 0856 (0.218; 3.360) 0.824

SMAJVAT 0.811 (0.527; 1.247) 0.339

FFM (kg/m®) 0.985 (0.954; 1.018) 0.384

EM (kg) 0.594 (0.952; 1.037) 0.766

Dichotomized values

SMI (low vs high) 0.754 (0.326; 1.744) 0.510

VAT (high vs low) 1.163 (0.502; 2.695) 0.725

SAT (high vs low) 0.482 (0.199; 1.167) 0.106

VSR (high vs low) 1.802 (0.898; 3.613) 0.087

BMI, body mass index; FFM, fat free mass, FM, fat mass; HU, Hounsfield unit; IMAT, intramuscular adipose tissue; IMATI, intramuscular adipose
tissue index; SAT, subcutaneous adipose tissue; SATI, subcutanecus adipose index; SMA, skeletal muscle area; SMI, skeletal muscle index; TAT, total
adipose tissue; TATI, total adipose tissue index; WAT, visceral adipose tissue; VATI, visceral adipose tissue index; WSR, visceral-to-adipose-tissue

ratio.

Regarding VSR, the available data are yet sparse. In an American
cohort with 124 patients by Bunnell et al, a higher VAT/SAT ratio
was associated with the composite outcome of ICU admission
or death." Measurements were carried out at the mid-portion
of the L4 level. Battisti et al showed that higher VAT/SAT ratio,
measured at the 1.2 level, was a predictor of ICU admission.'® In
a Chinese cohort with 143 patients, high VAT/SAT ratio and low
muscle density were independent risk factors for ICU admission
or mechanical ventilation, vet no association with mortality was
found.™ Inversing the ratio, Favre et al found that the subcu-
taneous to visceral fat ratio was lower in patients with severe

Covid-19.” In contrast, Nobel et al were not able to find a relevant
influence of an increased VAT/SAT ratio on clinical outcomes.'”

In our cohort, VSR showed a relevant influence on 30-day
mortality. This supports the hypothesis that fat distribution rather
than total abdominal fat tissue may be a more appropriate risk
parameter for outcomes in patients with Covid-19 disease. When
controlled for other body composition parameters, we did not
find a significant association between VSR and either the risk of
intubation or ICU admission. The associations between adipose
tissue and unfavorable course in Covid-19 disease is manifold.
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Table 4. Regression analysis for need for admission to ICU

Univariable Multivariable
Variables OR 95%Cl P OR 95% CI P
Continuous values
Age (years) 1.032 (1.010; 1.054) 0.004 0.975 (0.93%; 1.012) 0.183
Sex (male vs female) 1.574 (0.811; 3.053) 0.180 3.423 (1.294;9.054) 0.013
BMI, (kg/m?) 1.069 (0.997; 1.145) 0.061 1.199 (1.070; 1.344) 0.002
SMA (cm?) 0.994 (0.985; 1.004) 0.226
SMI (kg/cm?) 0.985 (0.954; 1.018) 0.371
Muscle density (HU) 0.928 (0.897; 0.959) <0.001 0.882 (0.832;0.934) <0.001
VAT (cm?) L1001 (0.997; 1.004) 0.761
SAT (cm?) 0997 (0.994; 1.000) 0.049 0.993 (0.987; 0.999) 0.028
TAT (cm?) 0.999 (0.997; 1.001) 0311
IMAT (cm?) 1.030 (1.003; 1.058) 0.029
VSR 1.665 (1.007; 2.755) 0.047
VATI {cm?/m®) 1.003 (0.993; 1.012) 0.597
SATI (cm¥/m?) 0994 (0.986; 1.002) 0.113
TATI (cm?/m?) 0.998 (0.994; 1.003) 0513
IMATI (cm’/m®) 1.085 (1.009; 1.168) 0.028
VAT density (HU) 1.050 (1.022; 1.078) <0.001 1.068 (1.029; 1.109) <0.001
SAT density (HU) 1.068 (1.036; 1.101) <0.001
IMAT density (HU) 1.095 (1.036; 1.159) 0.001
SMI/TAT 4818 (0.14; 164.76) 0.383
SMA/TAT 1.523 (0.449; 5.161) 0.500
SMA/VAT 1.038 (0.960; 1.123) 0.350
FEM (kg) 0.980 (0.950; 1.012) 0.226
FM (kg) 0.978 (0.938; 1.021) 0311
Dichotomized
values
SMI (low vs high) 0.933 (0.407; 2.141) 0.871
VAT (high vs low) 1.020 (0.461; 2.258) 0.961
SAT (high vs low} 0.330 (0.139; 0.785) 0.012
VSR (high vs low) 1.731 (0.882; 3.398) 0111

BMI, body mass index; FFM, fat free mass; FM, fat mass; HU, Hounsfield unit; ICU, intensive care unit ; IMAT, intramuscular adipose
tissue; IMATI, intramuscular adipose tissue index: SAT, subcutaneous adipose tissue; SATI, subcutaneous adipose index; SMA,
skeletal muscle area; SMI, skeletal muscle index; TAT, total adipose tissue; TAT, total adipose tissue; TATI, total adipose tissue index
. VAT, visceral adipose tissue; VATI, visceral adipose tissue index; VSR, visceral-to-adipose-tissue ratio.

The inverse relation between SAT and clinical outcomes has
been described in the literature. Studies have shown that visceral
and subcutaneous fat have different metabolic and endocrine
characteristics.”” Visceral fat is metabolically active and releases
pro-inflammatory cytokines such as IL-6 and is linked with
various diseases.”® Subcutaneous fat excretes anti-inflammatory
cytokines such as adiponectin.®®* Disproportionate visceral
adipose tissue might modify metabolism and cell-mediated
immune response, by increasing macrophage accumulation and
decreasing adiponectin.zg'jj’u

Interestingly, neither skeletal muscle parameter showed a rele-
vant association with either outcome in our cohort. This is some-
what contradictory to the literature published so far. Schiaffino
et al have indicated that LSMM is associated with higher risk of
ICU admission and increased mortality.* Measurements of para-
vertebral muscle area were not performed on the L3 level, but on
T5 and T12, different to our cohort. Measuring on T12, Kim et
al found an association between LSMM and prolonged hospital
stay, but not with rrb:u:t.a]ltj.r.33 Other authors did not find any rela-
tionship between muscle parameters and clinical outcomes.*>*
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Furthermore, most of the literature concentrated either on the
musculature or adipose tissue parameters. There are only few
studies that analyze both. The novelty of our study is therefore a
comprehensive comparative analysis of the influence of different
kinds of body compaosition measurements. For both ICU admis-
sion and intubation, higher muscle density and higher SAT seem
to be protective in hospitalized Covid- 19 patients. Muscle density
is considered to be a proxy for muscle ”Fd content and represen-
tative of muscle quality and capacity.} ** However, their influ-
ence is too weak to be routinely applied as relevant biomarkers
in clinical routine. It seems that, when controlled for different
parameters, male sex is still the best-established risk factor for
adverse clinical course, but not for mortality.

Body composition parameters can be assessed on opportunistic
CT scans in clinical routine. Compared to X-ray absorptiom-
etry and body impedance assessment, CT scans are more objec-
tive and easy to acqui.re.” CT scans are frequently performed
in hospitalized patients and measurements can be performed
as a byproduct of radiological diagnostics. The literature on
CT-based body composition parameters is large. For the muscu-
lature, most studies use the level L3, where the highest correla-
tion of the skeletal muscle with body muscle volume has been
described.*® For MRI measurements, there is a good correla-
tion between L3 cross-sectional adipose tissue and total tissue
volume.”” We therefore chose to perform our measurements on
the same level to achieve standardization. Our data suggest that
semi-automated CT body composition measurements should
be included into clinical routine to identify patients at risk and
provide best nutritional and physical therapy to patients with
changes in muscle and adipose tissue density.

Our study has several limitations. It was a retrospective cohort
analysis and only patients that underwent an abdominal CT

Surov et af

scan at the discretion of the treating physician were included.
We did not consider the impact of different virus subtypes on
clinical course in our analysis. We did not control for comor-
bidities. However, this is to date the largest multicenter cohort
investigating the spectrum of body composition parameters on
outcomes in Covid-19 patients with a standardized measure-
ment level at L3.

In conclusion, VSR isa prognostic biomarker for 30-day mortality
in patients hospitalized for Covid- 19 disease. Sex is more strongly
associated with the risk of intubation and ICU admission than
adipose tissue variables. Increased muscle density is a protective
factor for adverse clinical course. There was no impact of muscu-
lature parameters on either outcome.
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