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AMS : Artere Mésentérique Supérieure
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l. Athérosclérose

A. Présentation

L'athérosclérose est une maladie vasculaire chronique causée par I'accumulation au sein des

parois vasculaires de plaques riches en cholestérol, en cellules inflammatoires et en calcium.

Il en résulte alors une perte des propriétés élastiques du vaisseau ainsi qu’une réduction de

calibre de sa lumieére.

L'athérome vasculaire de I'aorte et de ses branches est une pathologie courante (55 a 83%
apres 40 ans) [1] et a déja été identifié comme un facteur de risque de mortalité

indépendant en population générale, et notamment les vaisseaux abdominaux. [2,3].

L'athérosclérose abdominale est également un bon reflet de la surcharge vasculaire calcique

périphérique. [4]

L'athérome vasculaire, ses complications et ses mécanismes physiopathologiques sont des
sujets encore tres a I’étude aujourd’hui au vu de I'impact potentiel de sa prévention et de

son traitement dans le domaine de la santé publique [5].

La quantification d’athérome vasculaire est aujourd’hui possible grace a des logiciels de
reconstruction apres acquisition scanographique, et a été largement étudié dans

I'exploration des arteres coronaires. [6,7]

De nombreux facteurs de risque de I'athérosclérose ont été identifié a ce jour, notamment :

I’hypertension artérielle, par sécrétion de médiateurs vasculaires pro-inflammatoires [8] ; la

dyslipidémie par accumulation de plaques de cholestérol au sein des parois vasculaires [9] ;
le diabete par notamment la dysfonction endothéliale induite par I'état d’hyperglycémie
chronique [10] ; 'obésité par I'accumulation de contenus lipidiques et d’un état pro-

inflammatoire chronique [11].



B. Données histologiques

La plague athéromateuse vasculaire typique présente 3 composantes :

e un centre lipidique : il contient une accumulation de cellules spumeuses, de
macrophages, et des lipides (essentiellement des esters de cholestérol). Il peut

présenter un aspect nécrotique.

¢ une chape fibreuse : elle entoure le centre lipidique et contient des cellules
musculaires lisses ainsi que des fibres de collagene. Elle explique la perte des

propriétés élastiques du vaisseau pathologique.

¢ des cellules endothéliales : elles sont observées a la surface des plagques
d’athérosclérose et forment un revétement continu thrombo-résistant. Leur
présence et leur intégrité fonctionnelle stabilise la plaque et prévient I'obstruction

thrombotique du vaisseau.

Figure 1. Coupe anatomopathologique d’une plaque athéromateuse

- noyau lipidigue nécrotique au centre de la plaque (astérique
orange)

- chape fibreuse de la plaque (fleches bleues)

- remodelage vasculaire avec épaississement des parois
endothéliales (fleches vertes)

- zones de néo-vascularisation en périphérie de la paroi vasculaire
(ronds rouges)




C. Rappels anatomiques
La vascularisation abdominale est constituée d’un réseau complexe d’arteres (Figure 2).

A partir de I'aorte abdominale, 3 troncs artériels assurent la vascularisation de I’ensemble

des organes de la cavité abdominale :

¢ letronc coeliaque (TC) vascularise le bas oesophage et la portion proximale du
duodénum.

o l'artére mésentérique supérieure (AMS) (Figure 3) vascularise la portion distale du
duodénum jusqu’a I’angle colique gauche. L’artére gastro-duodénale permet un pont
anastomotique entre ces deux premiers réseaux.

o l'artére mésentérique inférieure (AMI) vascularise le c6lon depuis I'angle gauche

jusqu’au rectum.

Toutes ces arteres s’organisent en réseau anastomotique, permettant ainsi une suppléance

en cas d’obstruction compléte ou incomplete d’un de ces troncs vasculaires.

Proximal SMA Inferior pancreaticoduodenal artery
o
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Figure 3 : Segmentation de I'artere
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D. Etude radiologique

La tomodensitométrie est un outil majeur dans le role de détection et de quantification des

calcifications vasculaires.

Précise, accessible et non-invasive, elle joue un role central dans la détection, la
guantification et la stratification du risque vasculaire, en particulier en imagerie cardio-

thoracique. [12]

Le score calcique coronarien est aujourd’hui utilisé en pratique courante, et recommandé en
1%"¢ intention chez les patients présentant des douleurs thoraciques atypiques ou des
facteurs de risque cardio-vasculaires, avant le recours a la coronarographie, pour guider la
mise en place d’'une prévention primaire médicamenteuse en cas de score calcique trop
élevé.

Ce score calcique, obtenu grace a la méthode d’Agatston, est calculé par des logiciels de
reconstructions spécifiques suite a une acquisition scanographique non injectée centrée sur

les vaisseaux d’intérét.

Le logiciel, disponible sur la station de post-traitement, prend en compte chaque lésion de
plus de 1 mm2 avec une densité Houndsfield > 130 UH. Le score calcique est alors issu de la
multiplication de la surface de la calcification par sa densité, a I'aide du logiciel SmartScore

4.0 (Figure 4)

Pour exemple, un score calcique coronarien : 0 correspond a un risque extrémement faible
d’événement cardio-vasculaire (1,1 a 1,7 % a 10 ans) [13]. A contrario, un score calcique >
400 représente une charge calcique trés sévere et nécessitera des examens

complémentaires.



Notre étude portera sur le score calcique de I'artere mésentérique supérieure, obtenu grace

a un scanner abdomino-pelvien. (Figures 5 et 6)

Figure 4 : calcul du score calcique de I’AMS a I'aide du logiciel SmartScore 4.0




Figure 5 : Scanner abdomino-pelvien injecté avec reconstructions MIP dans un plan
coronal mettant en évidence de nombreuses calcifications de I'aorte abdominale et de
ses branches

Figure 6 : Scanner abdomino-pelvien non injecté. Coupes sagittales centrées
sur ’AMS. Le score calcique est ici mesuré a 985
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Il. Patients en réanimation et mortalité

A. Présentation

La réanimation a pour but de suppléer a la défaillance d’un ou plusieurs systémes vitaux,
mettant en jeu le pronostic vital a court terme.

Avec l'accroissement démographique, les progrés techniques et scientifiques, le nombre de
patients admis en service de réanimation ne cesse d’augmenter.

On dénombre aujourd’hui pres de 6000 places en réanimation en France.

De méme, le profil des patients admis dans ces services change : il est désormais courant de

prendre en charge des patients tres agés et souffrant de lourdes comorbidités [14]

Un séjour en réanimation peut cependant se révéler mortel chez des patients fragiles,
indépendamment de leur motif d’admission. Les troubles métaboliques, les infections
nosocomiales, les complications du décubitus, les troubles de la coagulation sont

notamment les complications le plus a craindre.

Afin de maximiser les chances de survie chez les patients hospitalisés dans ces services, et
devant le caractere encore limité de places disponibles, il convient de s’intéresser au
pronostic de survie des patients avant leur admission, et de déceler leurs facteurs de risque

de mortalité intrinseques ou extrinseques durant leur séjour.

De nombreuses études se sont attachées a rechercher des facteurs de risque indépendants
de mortalité en réanimation.

On citera notamment :

e la dénutrition, qui est définie par un état pathologique causé par une absorption
inadéquate des nutriments essentiels. des outils diagnostiques spécifiques existent
pour définir la dénutrition. [15]

o lasarcopénie, qui est une perte pathologique de la masse maigre et qui peut étre
apprécié et estimé grace au scanner, via la méthode HUAC. [16, 17] (Figure 6)

e le sepsis.
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Figure 7 : Etude scanographique de la sarcopénie. Mesure de la densité moyenne et de
I'aire totale du muscle psoas a hauteur de la vertébre L3

En Europe, un score clinico-biologique est utilisé en pratique courante afin de déterminer la
gravité des patients admis en soins intensifs et réanimation ainsi que leur risque de mortalité

lors de I’hospitalisation : le score 1GS 2. [18, 19] (Figure 7)

Il prend en compte le mode d’admission (chirurgie programmeée, urgente ou urgence
médicale), I’age du patient, ses comorbidités, ses données cliniques a I'admission (fréquence
cardiaque, pression artérielle, score de Glasgow, diurése et température corporelle), ses
données biologiques (urée, créatininémie, leucocytes, natrémie, kaliémie taux de bilirubine

et de bicarbonates sanguins) et son mode de ventilation (intubé ou non).
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B. Population étudiée

Nous avons receuilli tous les patients hospitalisés en réanimation médicale et chirurgicale

durant 'année 2022 qui ont bénéficié d’un scanner abdomino-pelvien avec une étude sans

injection sur 'abdomen.

Durant I'année 2022, 225 patients de réanimation ont bénéficié au minimum d’un scanner

abdomino-pelvien.

Parmis eux, 32 n’ont pas été réalisé avec une hélice sans injection, ne permettant pas le

calcul du score calcique de 'AMS et ont donc été exclus.

Pour des raisons similaires, 17 patients aux antécédents de chirurgie aortique /

endoprothéses ont été exclus de I'étude.

Au total, nous avons donc receuilli et effectués I'analyse du score calcique chez 176 patients

sur 'année 2022.
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L'age médian de notre population d’étude était de 63,2 ans.

57 % (99 / 174 patients inclus au total) étaient dgés de plus de 65 ans.

L’age est traditionnellement le marqueur de vieillesse et de fragilité le plus communément
utilisé. Pour une décision d’hospitalisation en réanimation, le concept d’age physiologique
semble plus pertinent [20].

Le score calcique de I'artere mésentérique supérieure peut étre vu comme un « reflet » de
cet age physiologique, conséquence de facteurs de risque cardio-vasculaires tels que

notamment la dyslipidémie, le tabac et I'insuffisance rénale.
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Rationnel de I’étude

A ce jour, aucune étude n’a démontré la valeur pronostique de I'athérosclérose abdominale
chez les patients admis en réanimation.

Or une grande partie de ces patients bénéficient d’un scanner abdomino-pelvien a I'entrée
ou lors de leur séjour en réanimation et il est désormais facile et rapide de calculer un score

calcique des artéres digestives grace aux logiciels de post-traitement.
Cette étude visera donc a déterminer si le score calcique de I'artére mésentérique

supérieure est un facteur indépendant de mortalité chez les patients admis en service de

réanimation.
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Original article

Superior Mesenteric Artery Calcium Score: A Novel Prognostic Tool for

Mortality in Critically Ill Patients
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ABSTRACT

Purpose : To evaluate whether superior mesenteric artery calcium score (SMACs) was associated as
an independent risk factor of 30-day mortality in critical ill patients.

Methods : We conducted a monocentric retrospective study from January 1, 2022, to December 31,
2022, including 174 consecutive ICU patients who underwent unenhanced abdominal CT scans. SMACs
was calculated using the Agatston method, and patients were categorized into three groups based on
their SMACs: none, < 300 (mild), and = 300 (severe). The results were validated in an independent
cohort of 287 critically ill patients in shock, using both quantitative and semi-quantitative visual
assessments of SMA calcifications. Multivariate Cox regression models were used to assess the
association between SMACs and 30-day mortality.

Results : Inthe primary cohort, the 30-day mortality rate was 43%. SMACs was significantly higher in
patients who died within 30 days (median: 88 [IQR: 0—267]) compared to survivors (median: 0 [IQR:
0-97], P < 0.001). 30-day mortality was 21/78 (27%), 38/72 (53%) and 16/24 (67%) in patients with
none, mild and severe SMA calcifications. At multivariate analysis, a SAPS Il score > 72, lactate levels
> 4 mmol/L (HR: 1.80, 95% Cl: 1.03 - 3.14, P = 0.038 and HR: 2.33, 95% CI: 1.43 - 3.81, P < 0.001
respectively) were identified as a significant death risk factors. Mild and severe SMA calcifications
were also associated with an increased the risk of death (HR: 1.88, 95% Cl: 1.09 - 3.23, P = 0.023; HR:
3.07, 95% CI: 1.59 - 5.89, P < 0.001; respectively). In the validation cohort, 30-day mortality was
154/289 (53%). HR for 30-day mortality was 1.5 (95%Cl: 1.00-2.27) and 2.09 (CI95%: 1.44-3.04) in
patients with mild and severe SMA calcifications respectively (P = 0.049 and < 0.001 respectively).
Conclusion : SMACs emerges as a significant independent biomarker for mortality in ICU patients. Its
incorporation into clinical practice could enhance prognostic evaluations and assist intensivists in

decision-making processes.
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Introduction

In critical care units, patient's prognosis prediction is a crucial component of care involving
complex assessments. The demographic profile of patients admitted to these units has evolved, with
an increasing number of elderly patients presenting significant comorbidities[1]. Managing the elderly
in intensive care units (ICUs) poses unique challenges due to prevalent issues such as frailty and

comorbidities that surface even before admission[2].

Age is traditionally seen as a marker of senescence and diminished organ reserve and plays a
vital role in determining survival and disability post-critical iliness. However, the Society of Critical Care
Medicine (SCCM) guidelines for ICU admissions, discharges, and triage stipulate that decisions should
not solely be based on chronological age for patients over 80 [3, 4, 5]. Instead, factors such as the
severity of the illness, existing comorbidities, baseline functional status, and personal preferences
should guide these decisions. As an example of this comprehensive evaluation, frailty has become
integral to the assessment of a patient's prognosis in critical illness scenarios. Thus, there is a need for

accurate biomarkers to stratify patient prognosis.

Atherosclerosis is a chronic vascular condition characterized by the build-up of cholesterol-
rich plaques, inflammatory cells, and calcium within the vessel walls. Notably prevalent in the aorta
and its branches, atherosclerosis affects 55 to 83% of individuals over 40 years[6][7][8]. CT has proven
effective in quantifying and evaluating the burden of atherosclerosis [9]. Although the utility of
quantifying atheroma has been extensively studied in coronary arteries to predict cardiovascular
events and prognoses [10], the benefits of assessing abdominal atheromas are still under investigation
[11]. Preliminary research has explored their relevance in non-occlusive mesenteric ischemia and
aortic dissections, but their broader utility remains to be confirmed. If abdominal vascular event
prediction is less impactful compared to coronary assessment [12], utilizing this metric for patient

prognosis characterization could be promising.
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Parallel to the demographic changes in critical care, most patients now undergo CT scans
before or during their hospitalization in critical care units. The quantification of atheroma’s via CT is
underutilized, yet it can be regarded as a condensed indicator of comorbidities that may play a crucial
role in critical care settings. Previous studies have highlighted the superior mesenteric artery calcium
score (SMACs) as the most significant abdominal calcium score [13]. This measure could serve as a
unique, additional marker, providing useful information for the prognostic evaluation of critical ill

patients, notably in the elderly [14].

Thus, the purpose of the study was to evaluate the impact of SMA calcification on 30-day

mortality in critical ill patients.
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Material & Methods

Study Cohort

This monocentric retrospective study was conducted from January 1 2022, to December 31 2022.
All consecutive patients from ICU who underwent an abdominal CT following admission were
evaluated for inclusion. The inclusion criterias were (1) critically ill patients requiring hospitalization
in the ICU, (2) and an available non-contrast abdominal CT. Patients with an aortic endoprothesis
(n=17) and patients without available non-contrast abdominal CT (n=34) were excluded.

Data were retrospectively extracted from the medical charts. Patients' characteristics (age, sex, BMI,
comorbidities, cardiovascular risk factors) and clinical data were recorded at the admission in the
ICU (blood pressure, ventilation mode, body temperature, Glasgow score). Blood tests and the
catecholamine infusion (noradrenaline and dobutamine) were also recorded at the time of
admission.

This was a retrospective observational study reporting data of a large cohort and not about an
individual patient. Therefore, according to French legislation, neither informed consent nor approval

of the ethics committee was required.

CT protocol

CT scans were acquired in helical multi-energy mode with a dual-layer detector allowing
dual-energy and 120kV single-energy images in a single acquisition (IQon Spectral CT, Philips
Healthcare, Cleveland, OH, USA). CT scan settings were set with tube voltage between 80 and 140kV
energy every 0.5 milliseconds, detector configuration = 64x0.625mm, rotation time 0.4s, dose

modulation 14, 1.2 pitch. Unenhanced CT images were acquired in 174 patients.

22



Imaging analysis

All abdominal CT were reviewed by a single radiologist with a 4-year experience in the field of
abdominal imaging. First, non contrast acquisitions were imported to the AW workstation (GE
Healthcare, Chicago, lllinois) to calculate the calcium score of the mesenteric superior artery (SMA)
using SmartScore 4.0 software (GE Healthcare) according to the Agatston method. Ostial
calcifications of the SMA were included to the calcium score.

The second imaging parameter was subsequently collected : sarcopenia was assessed following the
Hounsfield Unit Average Calculation (HUAC) of the psoas muscle, a marker of muscle density and

fatty infiltration, measured through abdominal CT scans.

Validation cohort

Usefullness of SMACs for prognosis stratification was validated on an external cohort. A
previous published cohort was used for validation [14]. From January 1, 2018, to December 31,
2021, all consecutive critically ill patients who underwent a contrast enhanced CT in a shock state
were evaluated included. In this cohort, two methods were used to evaluate the SMACs. The first
method was the same than in the study cohort, using the Agatston technique. Second, a visual semi-
guantitative evaluation of calcifications was performed. Patients were classified in three group:
patients without SMA calcifications, patients with mild calcifications, and patients with severe

calcifications.

Statistical Analysis

Categorical data are expressed as number and percentage and were compared by Pearson
Chi squared or Fisher’s exact test. Continuous variables are expressed as mean, and standard
deviation or median, interquartile range, and were compared using Student’s t test when the

distribution was normal, or the Wilcoxon test when the distribution was not normal.
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Analysis of the risk factors of 30-day mortality were performed using a Cox regression
model. Two multivariate models were built. The first model including continuous variables with SAPS
Il score. The second model included dichotomized according to their Younden index. The SMACS was
included as a three group categorical variable. Patients with none, between 0 and 300 and upper
300 SMACs.

In the validation cohort, SMACs were compared to semi quantitative assessment. Univariate
cox regression analaysis was performed to evaluate effect of SMA calfications on 30-day mortality.

A Kaplan Meier curve was performed to illustrate the association between SMACs and survival in the
study, and in the validation cohort.

All tests were two-sided. A P value &< 0.05 was considered to be significant. All analyses
were performed with R version 3.4.4 (R Core Team 2017). All analyses were performed with RStudio

version 2023.12.1+402
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Results

Study population

A total of 225 critically ill patients that underwent an abdominal CT during the study period.
Of these 225 patients, 51 were excluded. The characteristics of the study population are presented in
Table 1. The mean age was 63.2 + 14.5 years, and there were 109/174 (63%) men and 65 46/174 (37%)
women. 99/174 (57%) patients were elderly (i.e. = 65 years-old). At the critical care admission, 68/174
(39%) patients had sepsis, and 109/174 (63%) were in shock state. Mean blood pressure was 74 + 27
mmHg, 84/174 (48%) were in mechanical ventilation, and 113/174 (65%) were on catecholamine

infusion. Mean SAPS Il was 50 + 22 and mean APACHE Il was 24 + 10.

Clinical and biological variables associated with 30-day mortality

The results of the univariate analysis according to the 30-day mortality are summarized in
Table 1. The SAPS Il and APACHE Il scores were significantly higher in the 30-day mortality group (59vs.
44 and 28 vs. 20.9 respectively, p < 0.001), highlighting the already established performance of these.

Dobutamine infusion significantly more frequent with 30-day mortality (12/75 [16%)] vs 3/99
[3%], P = 0.005). Mean arterial pressure was significantly lower in patients who died within 28 days
(67+29 vs 80+25 mmHg, P = 0.005). Lactate levels were significantly higher in patients who died within
30 days (median of 3.8 [IQR=1.50-7.50] vs 1.55 [IQR=1.02-3.58] mmol/L, p <0.001), as were AST levels
(117.5vs. 39 UI/L, P < 0.001). The prothrombin rate was significantly lower in patients who died within
28 days (68.7 vs 76.5 %, p < 0.001), as was blood pH (7.3 vs 7.37, p = 0.002), and bicarbonates level
(18 vs 20.5 mmol/L, p = 0.01). On the other hand, creatinine blood levels were significantly higher in

the patients who died within 28 days (median 150 vs. 96 umol/L, p = 0.004).

Atherosclerosis CT features

78/174 (45%) of patients had a SMACs at 0. Median SMACs was 11 (IQR:0-170). SMACs was

significantly higher in patients with 30-day mortality (0 [IQR:0-97] vs 88 [IQR:0, 267], P < 0.001). In
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elderly patients (i.e. > 65 years-old), median SMACs was 111 (IQR: 3-280). SMACs was significantly
higher in patients with 30-day mortality (43 [IQR:0-208] vs 166 [IQR:32, 361], P < 0.001).

Based on these findings, SMACs was turned in a three-group variable: 1) patients with SMACs at 0,
patient with SMACs between 0 and 300, and 3) patients with SMACs upper than 300. 30-day mortality
was 21/78 (27%), 38/72 (53%) and 16/24 (67%) in patients with none, mild and severe SMA
calcifications. Hazard ratio (HR) for 30-day mortality was 2.15 (95%Cl: 1.87—3.74) and 3.32 (CI95%:
1.73-6.31) in patients with mild and severe SMA calcifications respectively (P = 0.004 and < 0.001
respectively). In elderly patients (i.e. > 65-years-old), 30-day mortality was 49/99 (50%). HR was 2.49
(95%Cl: 0.96—-6.45) and 4.45 (CI95%: 1.76—12.16) in patients with mild and severe SMA calcifications

respectively (P = 0.06 and 0.004 respectively) (Figure 2).

Multivariable analysis

The first multivariate cox regression model, which included continuous variables show that the New
Simplified Acute Physiology Score (SAPS Il) was significantly associated with an increased risk of
death (HR: 1.024, 95% Cl: 1.012 - 1.035, P < 0.001). Elevated lactate levels were also found to be a
significant predictor (HR: 1.097, 95% Cl: 1.037 - 1.160, P = 0.001). Additionally, the superior
mesenteric artery calcium score (SMACs) showed a significant association (HR: 1.001, 95% Cl: 1.000 -
1.001, P = 0.002).

In the second model, which included binary variables, a SAPS Il score greater than 72 was significantly
associated with mortality (HR: 1.80, 95% Cl: 1.03 - 3.14, P = 0.038). Lactate levels of 4 mmol/L or higher
were also identified as a significant risk factor (HR: 2.33, 95% Cl: 1.43 - 3.81, P < 0.001). The presence
of mild SMA calcification significantly increased the risk of death (HR: 1.88, 95% Cl: 1.09 - 3.23, P =
0.023), and severe SMA calcification was associated with an even higher risk (HR: 3.07, 95% CI: 1.59 -

5.89, P < 0.001).
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Validation cohort

The association between SMACs and mortality was validated in an independent cohort of 287
patients in shock that underwent abdominal CT. Characteristics of population is summarized in Table
3. In this cohort, SMACs was calculated first by the Agatston technique. Then, a semi quantitative
visual assessment of SMA calcifications was performed. SMA was visually classified as absent, mild,
and severe. In the validation cohort, median SMACs was 81 (IQR:0-433). SMACs was higher in patients
died within the 30 days (median of 6 [IQR:0-141] vs 142 [IQR:0-526], P = 0.002). SMA calcifications
were classified as none, mild and severe in 107/287, 79/287 and 101/287 respectively. 30-day
mortality was 46/107 (44%), 46/79 (58%), 70/101 (70%) respectively. Median survival was 73 days
(95% Cl: 18—NA), was 12 days (95% Cl: 8—37), and 7 days (95% Cl: 2—11) in the patients with none,

mild, severe SMA calcifications.
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Discussion

This study represents the first attempt to examine the relationship between atherosclerosis
and mortality in ICU patients. Our findings suggest that atherosclerosis localized in the SMA is an
independent predictor of mortality among critical ill patients. A simple visual assessment of SMA
calcification showed good correlation with SMACs and could be achieved easily and rapidly.

Previous studies have already observed that the SMA is the most significant abdominal artery
calcification in determining prognosis [13]. In the present study, we focused on SMACs and selected a
large population of critically ill patients who underwent unenhanced abdominal CT scans. Our results
were validated in an independent cohort of critically ill patients in shock, where SMACs was assessed
both quantitatively via the Agatston method and semi-quantitatively through visual assessment. The
consistency between these two approaches reinforces the robustness of SMACs as a reliable indicator
of mortality risk. This is important because while SMACs requires specific software, which may not be
suitable for daily practice, a simple visual assessment of SMA calcification can be easily performed on
every abdominal CT. Furthermore, the three grades of SMA calcification (i.e., none, < 300, and = 300)
showed a good correlation with visual grading into none, mild, and severe SMA calcifications.

Predicting prognosis in critically ill patients is crucial, and we observed two sides to the
usefulness of SMACs. The first is in the selection process for critical care unit admission. Indeed, the
profile of patients has changed, with the age of patients being increasingly higher. However, it is
difficult to have a concise view of the real physiological age of patients. Here is probably the first
utility of SMA calcification evaluation. It can be seen as a condensation of cardiovascular risk and is a
consequence of chronic diseases such as renal insufficiency or tobacco intoxication. Being elderly
and having severe calcification carries a hazard ratio risk of 4.44 (CI95%: 1.6—12.16) in the critical
care unit. This should be taken into account when evaluating an elderly patient for ICU admission.
The second utility is when the patient is in the ICU. Physicians should be aware that patients with

SMA calcification have a poor prognosis. SMACs could be incorporated into critical care prognostic
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scores. Indeed, we observed that SMACs was independently associated with 30-day mortality,
especially compared to SAPS Il or APACHE Il [15] [16], which are complex prognostic scores that
include many clinical and biological assessments.

Abdominal calcium scores are yet underused. The utility of describing abdominal vessel
calcification has not been well established. Our study made two significant findings. First, among all
abdominal arteries, calcifications of the SMA are probably the most relevant as they indicate visceral
atheroma and may carry more risk than aortic calcifications, for example. Second, the usefulness of
quantifying abdominal calcifications is for prognosis purposes. A previous study already highlighted
the utility of CT for better prognosis evaluation of critically ill patients [17]. We highlight a new
component of prognosis evaluation with CT. While our study focused on ICU patients, the potential
applications of SMACs extend beyond critical care. It could be valuable in other clinical settings where
prognosis and risk stratification are essential, such as in pre-surgical assessments [18] or in the
management of chronic diseases [19].

Our study has some limitations. First, this is a monocentric study. Nevertheless, we validated
the results on an independent cohort of critically ill patients in shock. Additionally, we used two
selection criteria for the patients in the study and the validation cohort, reinforcing the validation of
SMACs. In the first cohort, we used the broadest criteria possible. In the validation cohort, patients
were all in shock. These two methods highlight the dual potential utility of SMACs: first, before ICU
admission, and second, evaluating the prognosis within the ICU. Additionally, measurements were
performed by a single radiologist, although interrater reliability of calcium scores is excellent [20], and
the results were correlated with visual semi-quantitative assessments, showing good correlation

between the two methods.
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Conclusion

In conclusion, SMACs emerges as a significant independent risk factor for mortality in ICU
patients. Its implementation could enhance prognostic evaluations in critical care, offering a new
dimension to patient stratification and management. The validation of SMACs in an independent
cohort, using both quantitative and semi-quantitative methods, underscores its reliability and
versatility. Further research is needed to confirm these results across various populations and

settings.
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TABLES

Table 1. Characteristics of the study population. Univariate analysis according to death

within 28 days.

30-day mortality

Total (%) No =99 (57) Yes =75 (43) P value
Age (years) 61+16 66 +12 0.007
Male sex 63 (63) 46 (61.33) 0.874
BMI (kg/m?) 25.9+6 26+5.7 0.440
Smoker 53 (53) 44 (59) 0.516
High Blood Pressure 54 (54.55) 35 (47) 0.453
Diabetes 78 (79) 53 (71) 0.408
Dyslipidemia 68 (69) 51 (68) 0.825
Clinical variables and score

Sepsis 39 (39) 29 (29) >0.999
Shock 54 (55) 55 (73) 0.012
Mean Arterial Pressure (mmHg) 79+ 25 67 +29 0.005
Tracheal Intubation 43 (43) 41 (55) 0.169
Glasgow Coma Scale 11+12 11+12 0.426
Norepinephrine Use 59 (60) 54 (72) 0.109
Norepinephrine Dosage (ug/kg/min) 1[0, 1.5] 1[0, 3] 0.010
Dobutamine Infusion 3(3.03) 12 (16) 0.005
SAPS Il score 44 +10 58.5+22 <0.001
APACHE Il score 21+9 28+ 10 <0.001
Blood tests

pH 7.37£0.1 7.30+£0.2 0.002
White Blood Cell Count (G/L) 12+11 15+ 12 0.182
Platelets (G/L) 218 + 165 219+ 142 0.660
C-Reactive Protein (mg/L) 47 +92 32+122 0.568
Prothrombin Time (%) 76+ 22 69 + 22 0.025
Hematocrit (L/L) 31+7 33+8 0.303
Natrium (mmol/L) 138+6 138+6 0.202
Creatinine (umol/L) 96 + 78 150 + 141 0.004
Urea (mmol/L) 11+14 15+ 19 0.061
Bicarbonates (mmol/L) 216 18+ 6 0.010
Lactates (mmol/L) 1.55[1.02, 3.58] 3.80[1.50, 7.50] <0.001
AST (1U/L) 39 [25, 70] 18 [36, 315] <0.001
Bilirubin (umol/L) 12[9, 22] 19[12, 36] 0.003
CT variables

SMACs 0[0, 97.00] 88 [0, 270] <0.001
None (SMACs = 0) 57 (57) 21(28) <0.001
Mild (SMACS < 300) 34 (34) 38 (51)

Severe (SMACs > 300) 8 (8) 16 (21)
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IQR = interquartile range; SD = standard deviation : BMI = Body Mass Index ; SMACs = Superior
Mesenteric Artery Calcium score ; AST = Aspartate Aminotransferases ; SAPS Il = Simplified Acute
Physiology Score Il ; APACHE Il = Acute Physiologic Assessment and Chronic Health Evaluation ;

Numbers in brackets are percentages for qualitative variables.

Non-normal quantitatives variables are expressed as median and interquartile range and compared
using Wilcoxon-Test

Normal quantitatives variables are expressed as mean * standard deviation and compared using
student test.
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Table 2. First multivariate Cox regression modelincluding continuous variables.

Multivariate Cox regression model 1

Variables HR 95% CI P value
SAPS II 1.024 1.012-1.035 <0.001

Lactates level 1.097 1.037-1.160 0.001

SMACs  1.001 1.000- 1.001 0.002

HR = hazard ratio; Cl = confidence interval; SAPS Il = New Simplified Acute Physiology Score ; SMACs

= Superior mesentery artery calcium score

Table 3. First multivariate Cox regression model. Model 1 including binary variables
associated with death within 28 days by univariate analysis plus superior mesenteric

artery calcium score.

Multivariate Cox regression model 2

Variables HR 95% CI P value
SAPS 11 >72 1.80 1.03-3.14 0.038
Lactates level > 4 mmol/L 2.33 1.43-3.81 <0.001
SMACs
None
Mild 1.88 1.09-3.23 0.023
Severe 3.07 1.59-5.89 <0.001

HR = hazard ratio; Cl = confidence interval; SAPS Il = New Simplified Acute Physiology Score ; SMACs

= Superior mesentery artery calcium score
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Table 4. Characteristics of the validation cohort

Variables n=289
Female sex 75 (24)
Age, years 67.4+12.96
Comorbidities

Active smoking 65 (23)
Diabetes 74 (26)
Obesity (body mass index 30 kg/m2) 42 (15)
Cirrhosis 33 (12)
Chronic congestive heart failure 61 (21)
Chronic obstructive pulmonary disease 47 (16)
Renal insufficiency 32(11)
Etiology of shock

Sepsis 143
Hemorrhagic shock 56
Hypovolemia 35
Heart failure 22
Cardiorespiratory arrest 33
Catecholamine infusion 201 (70)
Blood tests

Créatinine, mmol/L 160 + 106
AST, Ul/L 102 [45, 397]
Total Bilirubin, mmol/L 18[10, 37]
TP, % 59 [40, 75]
CRP, mg/L 75 [30, 174]
pH 7.31+0.15
pa02, mmHg 12.64 +7.69
paC02, mmHg 472 +£1.69
Bicarbonate, mmol/L 17.6 £5.90
Lactates, mmol/L 3.8[2, 7.43]
30-day mortality 154 (53)

AST= Aspartate aminotransférase ; CRP=C-reactive protein

Numbers in brackets are percentages for qualitative variables.

Non-normal quantitatives variables are expressed as median and interquartile range and compared

using Wilcoxon-Test

Normal quantitatives variables are expressed as mean + standard deviation and compared using

student test.
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Figure 2. Kaplan Meier curves of 90-day mortality according to the SMACs. A. In the study cohort.
B. In the elderly patients in the study cohort. C. In the validation cohort, according to a visual semi-
guantitative analysis.

Study cohort

. SMACs=0

SMACs < 300

SMACs > 300

30 40 50 60 70 80 S0
Time

Survival probability

1.00

0.75

0.50

0.25

0.00

Study cohort

Patients over 65 years-old

SMACs = 0

SMACs < 300

SMACs > 300

10

20

30 4 50 60 70 80 90
Time

Survival probability

0.50

0.00

Validation cohort

Semi-quantitative assessement

Absence of calcification

Mild calcifications

Severe calcifications

Time

37



Figure 3. Box plot showing correlation between SMA calcium score calculation and SMA

calcifications semi quantitative evaluation.
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CONCLUSION

Nos résultats suggérent qu’un score calcique de I'artere mésentérique supérieur élevé est
un facteur de risque indépendant de mortalité chez les patients a leur admission en
réanimation. L'étude de ce score calcique est un bon reflet de I'dge physiologique du
patient, témoignant non pas uniguement de I’dge réel du patient, mais également des
potentiels facteurs de risque cardio-vasculaires auxquels celui-ci a été exposé.

Cette donnée peut ainsi jouer un role intéressant dans |’évaluation pronostique du patient,

indispensable lors d’'une hospitalisation en service de réanimation.
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Titre de la thése : Evaluation du score calcique tomodensitométrique de I'artére
mésentérique supérieure comme facteur de risque de mortalité en réanimation

Résumé :

Objectif de I’étude : Evaluer le score calcique de I’artére mésentérique supérieure comme
facteur de risque indépendant de mortalité en réanimation.

Méthodes : Du 1° janvier au 31 décembre 2022, tous les patients pris en charge dans les
services de réanimation médicale et chirurgicale ayant bénéficié d’'un scanner abdomino-
pelvien sans injection ont été inclus. Le score calcique de I'artere mésentérique supérieure
(SMACS) a été calculé selon la méthode d’Agatston. Les données clinico-biologiques ont été
recueillies a leur entrée en réanimation. Des analyses univariées et un modeéle multivarié de
Cox ont été réalisées.

Résultats : Parmiles 174 patients ayant bénéficiés d’un scanner abdominal sans injection, le
taux de mortalité a J28 était de 75/174 (43%). Chez les patients décédés a J28, le SMACS était
significativement supérieur aux patients survivants (0 [IQR =97] vs 88 [IQR= 269.50], p <
0.001)

En analyse multivariée, le SMACS (HR =1.00 IC 95% [1.00 — 1.00] p = 0.045), les ASAT (117.5
[IQR =279.25] vs 39 [IQR =49.50], p < 0.001) et la créatininémie (150.00 [IQR = 141.00] vs
96.00 [IQR = 78.00], p = 0.04) étaient significativement associés a la mortalité a J28.

Conclusion : Nos résultats montrent que le score calcique de I'artére mésentérique
supérieure est un facteur de risque de mortalité en réanimation.

Mots clés : Score calcique ; Réanimation ; Scanner ; Artére mésentérique supérieure
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