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RESUME  

 

 

Introduction:  

La présence du ligament arqué durant la transplantation hépatique orthotopique peut provoquer une 

diminution significative du flux artériel hépatique. Le but de cette étude est d’investiguer l’impact 

du ligament arqué sur le risque de complications biliaires chez les patients qui bénéficient d’une 

transplantation hépatique orthotopique. 

 

Patients et méthodes:  

Nous avons réalisé une étude rétrospective cas-témoins parmi des patients qui ont eu une 

transplantation hépatique orthotopique aux Hôpitaux Universitaires de Genève entre 2007 et 2017, 

par rapport à la présence ou pas de ligament arqué. L’appariement a été réalisé 1:2  par rapport à 

l’âge, le sexe, le score lab-MELD le moment de la transplantation ainsi que le type du donneur 

(vivant ou décédé). La présence du ligament arqué a été évaluée par un radiologue spécialiste et 

effectuée sur la base de l’évaluation préopératoire par un angio-scanner.    

 

Résultats:  

L’incidence du ligament arqué était 6.1% (19 / 312 patients). Les caractéristiques de bases ont été 

comparables entre les deux groupes. Aucune différence significative a été retrouvée entre les 

patients avec ou sans ligament arqué concernant les complications biliaires (37% et 24% 

respectivement). Aucun patient n’a présenté de thrombose de l’artère hépatique. Aucune différence 

par rapport à la survie du greffon et au risque de complications biliaires n’a été démontrée aux 

patients avec ou sans ligament arqué. Les patients avec ligament arqué ont été traités de manière 

différente : lyse du ligament, conservation de l’artère gastroduodénale, reconstruction artérielle 



 

aorto-hépatique ou aucune intervetion. Après une régression logistique chez les patients avec 

ligament arqué, la lyse du ligament et la conservation de l’artère gastroduodénale, comparées au 

traitement conservateur, ont montré un odds radio de 1.5 (95% CI 0.09, 42.1, p-value = 0.779, df 

= 17) et 1.25 (95% CI 0.15, 10.6, p-value = 0.833, df = 17) respectivement pour les 

complications biliaires mais sans importance significative.  

 

Conclusion:  

Dans cette étude, nous n’avons pas trouvé de différence statistiquement significative sur 

l’incidence de complications biliaires ou artérielles entre les patients avec ou sans ligament arqué. 

Le choix de la stratégie thérapeutique du ligament arqué n’a pas eu d’impact significatif au résultat 

final et le développement  de complications. Par contre, si le flux hépatique artériel n’est pas établi 

à la fin de la reconstruction artérielle, le ligament arqué doit être traité de manière moins invasive 

possible.  

 

 

 

INTRODUCTION  

 

ANATOMIE DES VOIES BILIAIRES 

Les canaux biliaires intra-hépatiques sont des branches des voies biliaires qui pénètrent dans le foie 

par la capsule de Glisson et qui sont situés au-dessus des branches de la veine porte correspondante. 

En général, ces canaux suivent le motif d’embranchement artériel correspondant à l’intérieur du 

foie 1. Comme montré dans la Figure 1, le canal hépatique droit draine la bile des segments V, VI, 

VII et VII, qui constituent le foie droit. Le canal hépatique gauche, qui a normalement un trajet 

extra-hépatique plus long avant de donner ses branches segmentaires, draine directement les 



 

canaux biliaires des segments II, III et IV, qui constituent le foie gauche. Le lobe caudé (Segment 

I) est drainé par plusieurs petits canaux biliaires qui généralement se terminent dans les deux 

canaux, gauche et droit 2. Dans 30 à 40% de cas, il peut exister des variations dans l’arbre biliaire 

intra-hépatique, concernant les canaux hépatiques gauches ou droits.  

 

 

Figure 1: Anatomie habituelle des voies biliaires intra-hépatiques 3  

 

 

L’arbre biliaire extra-hépatique (Figure 2) se compose des canaux hépatiques droit et gauche, du 

canal hépatique commun, du canal cystique et de la voie biliaire principale ou canal cholédoque. 

Les canaux cystique et hépatique commun se rejoignent pour former la voie biliaire principale. 

Celle-ci entre la deuxième partie du duodénum à travers le sphincter d’Oddi 4.  

Le canal cystique prend naissance depuis l’infundibulum de la vésicule biliaire et rejoint le canal 

hépatique commun. La longueur du canal cystique est variable. Le canal cystique peut avoir des 

variations dans son trajet de drainage vers la voie biliaire principale. Le chirurgien doit connaitre 

et s’attendre à ces variations, car ceci peut potentiellement mener à une lésion durant une 

cholécystectomie ou une résection hépatique 1.   

 



 

 

 

Figure 2: L’anatomie des voies biliaires extra-hépatiques: a = canal hépatique droit, b = canal 

hépatique gauche, c = canal hépatique commun, d = veine porte, e = artère hépatique propre, f = artère 

gastroduodénale, g = artère gastrique gauche, h = cholédoque, i = fundus de la vésicule biliaire, j = 

corps de la vésicule biliaire, k = infundibulum, l = canal cystique, m = artère cystique, n = artère 

pancréaticoduodénale supérieure 1 

 

La voie biliaire principale est formée par le canal hépatique commun et le canal cystique. Elle fait 

environ 8 à 10 centimètres de longueur et 0.4 à 0.8 cm de diamètre. Elle est divisée en 3 segments : 

supra-duodénale, retro-duodénale et intra-pancréatique. Le segment supra-duodénal est localisé 

dans le ligament hépato-duodénal latéralement à l’artère hépatique et antérieurement à la veine 

porte 1,2. Le segment retro-duodénal suit un trajet postérieur à la première partie du duodénum (D1), 

antérieur à la veine cave inférieure et latéral à la veine porte 2. Le tiers inférieur (intra-pancréatique) 

est localisé derrière la tête du pancréas dans un sillon, ou à l’intérieur, et se jette dans la deuxième 



 

partie du duodénum (D2) 1. La portion distale du canal est recouverte par du muscle lisse qui forme 

le sphincter d’Oddi. La voie biliaire principale peut rentrer directement dans le duodénum (25%) 

ou rejoindre le canal pancréatique (75%) pour former un canal commun appelé l’ampoule de Vater. 

La vascularisation artérielle de la voie biliaire principale provient des branches des artères cystique, 

hépatique et gastroduodénale alors que le drainage veineux se fait par un plexus qui entre dans le 

système porte. La vascularisation artérielle des voies biliaires intra-hépatiques est entièrement 

assurée par des branches correspondantes de l’artère hépatique propre. Le drainage lymphatique 

suit le trajet de l’artère hépatique vers les ganglions cœliaques 2. 

 

 

LIGAMENT ARQUE  

 

Le ligament arqué est une arche fibreuse qui traverse l’aorte, rejoignant les piliers du diaphragme 

et peut provoquer une compression extrinsèque du tronc cœliaque 5. La prévalence d’une sténose 

significative causée par un ligament arqué est estimée entre 10% et 50% en fonction des études 6.  

Typiquement, l’axe cœliaque naît de l’aorte abdominale (Figure 3) en dessous du ligament arqué 

(entre les vertèbres T11 et L1) mais de grandes variations dans la localisation de l’origine du tronc 

cœliaque ont été rapportées 5. Une naissance plus haute ou plus basse de l’axe cœliaque peut être 

plus encline à une compression. La compression du tronc cœliaque par le ligament arqué est 

accentuée pendant l’expiration puisque celui-ci se déplace crânialement et est relâché pendant 

l’inspiration 7.  

Le diagnostic définitif du syndrome de compression du tronc cœliaque requiert une imagerie 

vasculaire pour confirmer la compression du tronc cœliaque par le ligament arqué (un ultrason 

combiné à une imagerie vasculaire avancée), préférablement avec des manœuvres respiratoires. Le 

« gold standard » pour l’indentification du ligament arqué pendant une évaluation préopératoire 



 

d’une greffe hépatique reste l’angio-scanner, principalement avec une reconstruction sagittale 

(Figure 4).  

 

 

Figure 3: L’anatomie de la compression du tronc cœliaque 8  

 

La décompression du tronc cœliaque est indiquée seulement pour les patients symptomatiques avec 

une compression du tronc cœliaque sur les imageries vasculaires inspiratoires et expiratoires. En 

effet, durant l’expiration, le diaphragme se mobilise crânialement, met sous tension les piliers et 

donc, exacerbe la compression du tronc cœliaque. Inversement, durant l’inspiration, le diaphragme 

se mobilise caudalement et les piliers se relâchent avec un arrêt de la compression. Les patients 

asymptomatiques devraient être rendus attentifs aux symptômes du syndrome de compression 

cœliaque (principalement douleurs abdominales postprandiales, perte pondérale involontaire, 

nausée) et conseillés de consulter en cas d’apparition de symptômes abdominaux postprandiaux 9. 

Le traitement du syndrome de compression du tronc cœliaque symptomatique vise à restaurer un 

flux cœliaque en libérant la compression extrinsèque sur le vaisseau. Le traitement initial des 

patients symptomatiques avec le syndrome de compression du tronc cœliaque confirmé sur les 



 

imageries inspiratoires et expiratoires comprend la dissection du ligament arqué et en général, 

également les fibres des ganglions cœliaques (c’est-à-dire une neurolyse). Après la décompression 

du tronc cœliaque, une évaluation du flux dans le tronc cœliaque peut être effectué en intra- ou en 

post-opératoire 10,11. L’approche chirurgicale standard est minimalement invasive soit par la 

laparoscopie conventionnelle soit robot-assistée.  

 

Figure 4: (A) Reconstruction sagittale d’un CT abdominal qui montre la compression du tronc cœliaque 

à son origine (flèche). (B) CT abdominal axial qui montre le tronc cœliaque extrêmement sténosé, 

postérieur au ligament arqué. Le ligament arqué est formé par la fusion de deux piliers diaphragmatiques.  

(C) L’image C correspond à une vision agrandie de l’image B et montr e les piliers droit et gauche (têtes 

de flèches), derrière lesquels se trouve le tronc cœliaque sténosé (flèche). (D) Vue latérale d’une 

aortographie qui montre une sténose du tronc cœliaque sur sa partie supérieure à cause du ligament arqué. 

12  



 

 

Comme précédemment mentionné, la vascularisation artérielle des canaux biliaires provient de 

l’artère hépatique propre, avec des troncs majeurs entourant les parois médiale et latérale de la voie 

biliaire principale et formant des vaisseaux collatéraux (dans des positions à 3 et 9 heures) 13.  En 

cas de ligament arqué significatif, la vascularisation artérielle du foie est assurée par la circulation 

collatérale via l’artère mésentérique supérieure, passant par les artères pancréatico-duodénales et 

l’artère gastroduodénale. Cependant, pendant une greffe hépatique orthotopique, la dissection et la 

ligature des vaisseaux collatéraux, et notamment de l’artère gastroduodénale, sont effectués, ce qui 

peut mener à une diminution significative du flux hépatique artériel, si une compression par le 

ligament arqué existe 14.  

Dans une tentative de réduire le risque de thrombose artérielle hépatique ou d’autres complications 

suivant une greffe hépatique orthotopique en présence d’un ligament arqué (comme par exemple 

des complications biliaires), des nombreuses techniques reconstructives ont été proposées : 

anastomose standard de l’artère hépatique propre sans lier l’artère gastroduodénale, lyse du 

ligament arqué ou création d’un bypass aorto-hépatique 6. Comme la vascularisation des canaux 

biliaires provient de l’artère hépatique, nous pouvons présumer que la présence d’un ligament 

arqué, si ignoré, peut être délétère pour le flux de l’artère hépatique, menant ainsi à des 

complications biliaires.  

Finalement, pendant une greffe hépatique orthotopique, après les anastomoses vasculaires et la 

reperfusion artérielle, l’anastomose de la voie biliaire est effectuée entre la voie biliaire principale 

du donneur et du receveur, généralement d’une façon termino-terminale, ou si nécessaire, par une 

cholédocho-jéjunostomie selon Roux-en-Y 1. 

 

 

 

 



 

 

BUT DE L’ETUDE 

Le but de cette étude est d’investiguer l’impact de la présence d’un ligament arqué sur les 

complications biliaires post-transplantation chez les patients qui bénéficient d’une transplantation 

hépatique orthotopique.  
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Abstract

Introduction: The presence of median arcuate ligament (MAL) during orthotopic liver

transplantation (OLT)may cause a significant reduction in the arterial hepatic flow. The

aim of the present study is to investigate the impact ofMAL on biliary complications in

patients who underwent OLT.

Methods: We performed a retrospective case-control study among patients who

underwent OLT in Geneva University Hospital between 2007 and 2017, depending on

the presence or absence of MAL. The matching was performed according to age, gen-

der, lab-MELD score at the time ofOLT and type of donor (living or dead). The presence

ofMALwasassessedbyanexpert liver radiologist on thepreoperativeCTangiographic

evaluation.

Results: The incidence of MAL was 6.1% (19 patients). Baseline characteristics were

comparable between the two groups. No significant difference in biliary complica-

tions was found between patients with and withoutMAL (37% and 24%, respectively).

No patient presented hepatic artery thrombosis. After logistic regression, in patients

with MAL, the MAL release and gastroduodenal artery preservation compared to no

treatment, showed an odds ratio for post-OLT biliary complications of 1.5 and 1.25,

respectively. There was no difference in overall graft survival and in hazard for biliary

complications between patients with andwithoutMAL.

Conclusion: In the present study,wedid not find anydifference in the prevalence of bil-

iary and arterial complications between patients with and withoutMAL. The choice of

MAL treatment did not influence in a significant way the overall outcome and develop-

ment of complications. However, if, at the end of arterial reconstruction, the arterial

flow is not adequately established, MAL needs to be treated with the least invasive

technique.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.
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1 INTRODUCTION

The median arcuate ligament (MAL) is a fibrous arch joining the crura

of the diaphragm. This ligamentmay be low-lying, causing some degree

of extrinsic compression of the celiac trunk.1 Under normal condi-

tions, this anatomical condition is usually asymptomatic, thanks to

collateral circulation provided by the superior and inferior mesenteric

arteries.2 Eventually, a small proportion of patients will experience

unspecific abdominal symptoms, due to functional ischemia asso-

ciated with hemodynamically significant compression of the celiac

trunk. In OLT, only scarce clinical evidence is available with regards

to the incidence, clinical relevance, diagnosis, and treatment of MAL

compression.3,4 Various reconstructive vascular techniques have been

proposed to maintain arterial hepatic flow during OLT in these cases:

standard anastomosis using the proper hepatic artery of the recipi-

ent with gastroduodenal artery (GDA) preservation, release of MAL

when GDA sacrifice is required, or the use of an aorto-hepatic arte-

rial reconstruction.2 As the vascular supply of the bile ducts originates

from the hepatic artery, we can assume that the presence of a MAL

can be deleterious for the hepatic arterial flow, thus leading to bil-

iary complications. The aim of the present study is to investigate

the impact of MAL on post-transplantation biliary complications in

patients undergoing OLT.

2 METHODS

We performed a retrospective case-control study, looking at adult

patients who had undergone OLT from January 2007 to September

2017 at the Geneva University Hospitals. All patients with MAL (the

cases) at the time of pretransplant evaluation were included. The

presence of a MAL was assessed on preoperative CT angiographic

evaluation: focal narrowing of the celiac trunk looking like a hook

associated with a post-stenotic dilatation, without calcification or

atherosclerotic changes.5 All CT-scan were assessed by an interven-

tional radiologistwith expertise in hepatobiliary imaging to confirm the

presenceofMAL.We included twocontrols (i.e., patientswithoutMAL)

for each case (2:1) and the matching was performed according to age,

gender, lab-MELD score at the time of OLT and type of donor (living

or dead donor). Pediatric patients (<16 years old), adult patients with

previous OLT and adults without preoperative angiographic CT scan

evaluation were excluded from the analysis. The study was approved

by the local Ethics committee (BASEC ID 2017–02310).

For each included patient, the following data were extracted from

digital or paper medical records: demographics (gender, age, BMI, ASA

score, blood type, underlying liver disease, comorbidities, preopera-

tive treatment), transplant data (donor age, type of donor between

living or dead donor, combined transplantation or not, CMV status,

perioperative need of transfusion units and catecholamines, type of

MAL treatment), laboratory (MELD score, liver function tests), radiol-

ogy (presence ofMAL, presence of preoperative atheromatous lesions,

appearance of postoperative hepatic artery thrombosis), and post-

transplant outcomes (biliary and arterial complications and type of

treatment, length of total stay, length of ICU stay, date of death,

reoperation, retransplantation, last follow-up).

2.1 Endpoints

Primary endpoint was the presence of any clinically significant bil-

iary complication (significant stenosis or leak requiring intervention or

responsible for blood liver test abnormality, in the absence of other

cause of abnormal blood liver test) within one year after transplanta-

tion. Secondary endpoints were the rate of hepatic artery thrombosis

and stenosis (early<30 days or late>30days), overall patient and graft

survival.

2.2 Statistical analysis

Appropriate descriptive measures were derived for all recorded vari-

ables and were expressed by mean (and SD) or median (and IQR)

according to normality. Differences in patients’ characteristics were

assessedwith appropriate tests. Logistic regressionwas used to assess

the impact of the predefined predictors on the incidence of biliary

complications. Multivariate models were run with clinically significant

predictors along with those found to satisfy the criterion of p < .2 on

univariate models. Results are reported as odds ratios with 95% confi-

dence intervals, along with degrees of freedom and R-squared values.

Variance inflation factors were calculated to address multicollinearity.

To assess time until biliary complication development, overallmortality

and graft failure in theMAL populationKaplanMeier curveswere used

and compared using the log rank test. To assess the impact of effect

modifiers a Cox regression model was used and hazard ratios along

with95%confidence intervalswere calculatedand reported. Statistical

analyses were run in R, v.4.0.2.

3 RESULTS

3.1 Baseline and transplant characteristics

The patients’ selection flowchart based on the predefined matching

criteria is depicted in Figure 1. Nineteen patients were found to have
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F IGURE 1 Patients’ selection flowchart

median arcuate ligament (6.1%). Baseline characteristics did not dif-

fer significantly, according to the study design, as shown in Table 1. No

patient had transplantation from donors with circulatory death (DCD).

Three patients in the groupwithMAL and six in the groupwithoutMAL

received a live donor graft. Median age was 58 in both groups (IQR 14

in patients with MAL and 11 in patients without), median BMI in the

MAL groupwas 24 (IQR 3.5) whereas withoutMALwas 25.0 (IQR 5.5).

Median ASA score was 3 in both groups. The most common primary

hepatic disease was viral hepatitis (HCV, HBV) in both groups (32%

in patients without MAL and 53% in the other group). Median MELD

score was 14 in the group without MAL (IQR 15) and 13 in the group

withMAL (IQR 15).

The most common type of anastomosis was end-to-end chole-

dochal anastomosis (95% in the MAL absent group and 89% in the

MAL present group). A choledocho-jejunostomywas performed in two

patients in each group. The different options for MAL treatment were

the use of an aortohepatic graft (1 patient, 5.3%), GDA preservation

(8 patients, 42%), MAL release (3 patients, 16%), and no treatment (7

patients, 37%).

3.2 Outcomes and biliary complications

Table 2 depicts the postoperative outcomes and biliary complications.

Median length of stay was 23 days in patients without MAL (IQR 18)

and 20 days in the patients with MAL (IQR 13). Median stay in the ICU

was 4 days in the MAL absent group (IQR 3) and 3 days in the MAL

present group (IQR 6). All patients had at least 1 year follow-up with

a minimum of 70 days (deceased patient) and a maximum of 10 years

(median follow-up 865 days, IQR 1119).

Nine patients in the controls and seven in theMAL group developed

biliary complications (24% and 37%, respectively). Median time until

complication development was 59 days in the control group (IQR 54)

and 74 in the MAL group (IQR 663). Only one patient (from the group

of controls) was treated with radiologically guided drainage due to

TABLE 1 Patients’ baseline and transplant characteristics

WithoutMAL

N= 38

WithMAL

N= 19 p-valuea

Baseline characteristics

Median age, yrs (IQR) 58 (11) 58 (14) .5

Male/female, n 36/2 15/4 .088

Median BMI, kg/m2 (IQR) 25.0 (5.5) 24.0 (3.5) .2

MedianMELD score, (IQR)) 14 (15) 13 (15) .7

Primary liver disease, n (%) .5

Viral hepatitis 12 (32%) 10 (52.6%)

Alcohol 7 (18%) 4 (21.1%)

Hepatocellular carcinoma 6 (16%) 1 (5.3%)

NASH 4 (11%) 2 (10.5%)

Other 9 (24%) 2 (10.5%)

Blood type, n (%) .5

A 21 (55%) 11 (57.8%)

B 5 (13%) 1 (5.3%)

AB 0 (0%) 1 (5.3%)

O 12 (32%) 6 (31.6%)

Transplant characteristics

Mean donor age, yrs (SD) 48 (20) 52 (16) .4

Living donor, n (%) >.9

Yes 6 (16%) 3 (16%)

No 32 (84%) 16 (84%)

Type of anastomosis, n (%) .6

Choledochojejunostomy 2 (5.3%) 2 (11%)

End-to-end 36 (94.7%) 17 (89%)

Mean transfusion units, n
(SD)

5.4 (7.9) 3.3 (3.7) .7

MAL treatment, n (%) >.9

Aortohepatic graft NA 1 (5.3%)

Gastroduodenal artery

preservation

NA 8 (42.1%)

MAL release NA 3 (15.8%)

No treatment NA 7 (36.8%)

Abbreviations: IQR, inter-quartile range; SD, standard deviation; MAL,

medianarcuate ligament;BMI, bodymass index;MELD,model for end-stage

liver disease; NASH, non-alcoholic steato-hepatits; NA, not applicable.
aPearson’s Chi-squared test; Fisher’s exact test;Wilcoxon rank sum test.

the presence of a choledocho-jejunostomy. Endoscopic treatment was

selected for seven patients in the groupwithoutMAL and for five in the

group with MAL (18% and 26%, respectively). Moreover, two patients

from the control group required reoperation for biliary complications,

whereas two patients of the MAL group developed biliary stricture

that needed no treatment at all. One patient in the control group

presented ischemic cholangiopathy due to biliary stenosis, which was

initially treated by endoscopic dilatation, but needed retransplantation

9months later. Last but not least, non-anastomotic biliary stricturewas
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TABLE 2 Post-transplant outcomes

WithoutMAL

N= 38

WithMAL

N= 19 p-valuea

All biliary complications, n
(%)

.3

Yes 9 (24%) 7 (37%)

No 29 (76%) 12 (63%)

Biliary stricture, n (%) .2

Yes 7 (18%) 7 (37%)

No 31 (82%) 12 (63%)

Biliary leak, n (%) >.9

Yes 3 (7.9%) 1 (5.3%)

No 35 (92.1%) 18 (94.7%)

Hepatic artery thrombosis in

the US, n (%)

No 36 (100%) 18 (100%)

Reoperation, n (%) .7

Yes 7 (18%) 2 (11%)

No 31 (82%) 17 (89%)

Retransplantation, n (%) >.9

Yes 1 (2.6%) 0 (0%)

No 37 (97.4%) 19 (100%)

Treatment of biliary complication

Endoscopic, n (%) .5

Yes 7 (18%) 5 (26%)

No 31 (82%) 14(74%)

Surgical, n (%) .5

Yes 2 (5.3%) 0 (0%)

No 36 (94.7%) 19 (100%)

Radiological drainage, n (%) >.9

Yes 1 (2.6%) 0 (0%)

No 37 (97.4%) 19 (100%)

No treatment, n (%) .11

Yes 0 (0%) 2 (11%)

No 38 (100%) 17 (89%)

Median length of stay, days

(IQR)

23 (18) 20 (14) .4

Median length of stay in the

ICU, days (IQR)

4 (3) 3 (6) .3

Overall mortality, n (%) .4

Yes 6 (16%) 1 (5.3%)

No 32 (84%) 18 (94.7%)

Abbreviations: IQR, inter-quartile range;US, ultrason;MAL,median arcuate

ligament.
aPearson’s Chi-squared test; Fisher’s exact test;Wilcoxon rank sum test.

observed in only one patient, who was part of the case group (pres-

enceofMAL).Diminishedhepatic arterial flowwas incriminated for the

peripheral biliary stricture.

No patient presented hepatic artery thrombosis. The only arte-

rial complication observed was a hepatic artery kinking in the group

of patients without MAL that required reoperation. Overall, seven

patients without MAL (7/38) and two with MAL (2/19) underwent

reoperation for various reasons (artery kinking, biliary leak, bleed-

ing, colonic perforation, ileus, incarcerated hernia, peritonitis, and

recurrent cholangitis).

Intraoperative parameters did not differ significantly between the

groups or among the patients treated for MAL. Laboratory tests on

operation day, day 7, day 30, and 1 year after the transplantation

did not differ between groups except for alkaline phosphatase on

operation day which differed significantly in patients without MAL

(Median 108, IQR 664) and those with MAL (Median 68, IQR 35).

Ultrasonographic findingswere comparedbetween the twogroups and

statistically significant differences were found for US-defined hepatic

arterial Resistive Index (RI) at day 30 and day 365. RI at day 30 was

higher in the patients withMAL (.71 vs. .63, p .046), together with RI in

the first year after transplantation (.72 vs. .66, p .037).

3.3 Biliary complications in patients with MAL
according to therapeutic strategy

Among the groups for different types of MAL treatment, there were

no significant differences regarding intraoperative findings, postoper-

ative laboratory tests, as well as ultrasonographic findings (Table 3).

No T-tube was used during biliary anastomosis. The primary out-

come (occurrence of biliary complications) was assessed with uni-

variate logistic regression among the different therapeutic strategies

applied in patients with MAL (Table 4). Since there was only one

patient who had undergone an aorto-hepatic arterial reconstruction,

it was excluded from further analysis to allow for model fit. The OR

for development of biliary complications when MAL was released

was 1.5 (95% CI .09, 42.1, p-value = .779, df = 17) compared to

no treatment and 1.25 when the gastroduodenal artery was pre-

served (95% CI .15, 10.6, p-value = .833, df = 17) compared to no

treatment.

Secondaryanalysis ofwarmandcold ischemiaperiods, lengthof stay

in the ICU, type of biliary anastomosis, transfusion, whether the trans-

plant was from a living donor and the donor’s age are presented in

Table 5. Warm ischemia period had statistical significance in the uni-

variate analysis (OR 1.10with a 95%CI ranging from 1.04 to 1.19). The

significance was retained in the multivariate model. Length of stay in

the ICU reached statistical significance in the univariate analysis (OR

.94, 95%CI .87, .99) but not in themultivariate model.
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TABLE 3 Intraoperative and postoperative characteristics for different types ofMAL

Characteristic

No treatment

N= 7

MAL release

N= 3

GDA

preservation

N= 8

Aortohepatic

bypass

N= 1 p-valuea

Median cold ischemia, minutes (IQR) 342 (149) 347 (204) 418 (152) 480 (NA) .7

Median warm ischemia, minutes (IQR) 54 (16) 57 (13) 59 (6) 60 (NA) .9

Type of anastomosis, n (%) .076

Choledochojejunostomy 1 (14%) 0 (0%) 0 (0%) 1 (100%)

End-to-end 6 (86%) 3 (100%) 8 (100%) 0 (100%)

Median transfusion units, n (IQR) 0 (4.5) 1 (1) 5 (6.75) 3 (NA) .6

Living donor, n (%) .4

Yes 2 (29%) 1 (33%) 0 (0%) 0 (0%)

No 5 (71%) 2 (67%) 8 (100%) 1 (100%)

Mean donor age, yrs (SD) 52 (20) 43 (12) 57 (12) 33 (NA) .3

Median length of stay in the ICU, days (IQR) 5 (10) 1 (3) 3 (2) 13 (NA) .3

Abbreviations: IQR, inter-quartile range; SD, standard deviation; MAL, median arcuate ligament; GDA, gastroduodenal artery; yrs, years; NA, not applicable;

ICU, intensive care unit.
aFisher’s exact test; Kruskal-Wallis test.

TABLE 4 Logistic regression for biliary complications for different
types ofMAL treatment

Type ofMAL treatment OR 95%CI p-value

No treatment — —

MAL release 1.50 .09, 25.39 .78

GDA preservation 1.25 .16, 9.92 .83

Abbreviations: OR, Odds Ratio; CI, Confidence Interval; MAL, median

arcuate ligament; GDA, gastroduodenal artery.

The one patient with aortohepatic graft had to be excluded to allow for

model fit.

3.4 Survival analysis for biliary complications,
patient, and graft survival

In the survival analysis for development of biliary complications, there

was no significant difference in the hazard for biliary complications

between patients with and without MAL (Figure 2). Using Cox regres-

sion to incorporate the time of complication development, a shorter

warm ischemia time was related with reduced hazard ratio for biliary

complications and longer ICU stay was related with increased haz-

ard for biliary complications. The multivariate model did not show any

difference in the results (Table S1).

TABLE 5 Secondary analysis for biliary complications among patients withMAL

Univariate logistic regression Multivariate logistic regression

Characteristic OR 95%CI p-value OR 95%CI p-value

Cold ischemia, minutes 1.00 1.00, 1.01 .6

Warm ischemia, minutes 1.10 1.04, 1.19 .005 1.09 1.03, 1.18 .013

Length of stay in the ICU, days .94 .87, .99 .046 .95 .88, 1.00 .091

Type of biliary anastomosis

Choledochojejunostomy — —

End-to-end 1.27 .06, 14.2 .9

Transufsion, units .94 .86, 1.02 .2 .96 .88, 1.07 .4

Donor age, years .99 .96, 1.02 .5

Living donor

No — —

Yes 1.48 .31, 10.8 .6

Abbreviations: OR, Odds Ratio; CI, Confidence Interval; MAL, median arcuate ligament; ICU, intensive care unit.

The one patient with aorthohepatic graft had to be excluded to allow for model fit.
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F IGURE 2 Survival analysis for biliary complications (time is counted in years)

F IGURE 3 Survival analysis for overall patient mortality (time is counted in years)

Overall patient survival did not differ significantly among the two

groups (Figure 3). Increased mortality was associated with longer ICU

stay (HR 1.10, 95% CI 1.04, 1.16) and need for transfusion of blood

units (HR 1.08, 95% CI 1.01, 1.15) both in univariate and multivari-

ate Cox regression models (Table S2). Similarly, overall graft survival

did not differ significantly among the two groups (Figure 4). Increased

graft loss was associated with longer ICU stay (HR 1.10, 95% CI

1.05, 1.15) and need for transfusion of blood units (HR 1.09, 95% CI

1.04, 1.16) both in univariate and multivariate Cox regression models

(Table S3).
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F IGURE 4 Survival analysis for overall graft survival (time is counted in years)

4 DISCUSSION

The incidence of significant compression due to MAL presence in

orthotopic liver transplantation varies with studies reporting a 3.7–

10% rate.6,7 The gold standard for identification of MAL during

preoperative OLT evaluation remains the angioCT scan, mainly in the

sagittal reconstruction. It can depict the severity of compression due

toMAL as well as other vascular modifications.

The diagnosis of MAL preoperatively is not always established, as

shown in a recent survey conducted among various European liver

transplant centers; indeed, 24% of centers did not search actively for

MAL presence before OLT.4 In our study, 6.1% of all patients screened

were found to have a MAL, with or without significant compression.

In our center, the majority of MALs are diagnosed during preoperative

evaluation by angioCT scan. However, in some cases, diagnosis was not

reported and no special treatment was performed.

Management of MAL during OLT is variable among studies and no

specific recommendations or consensus exist to date. If not detected

or if it does not cause any severe compression, no treatment at all may

be needed. Otherwise, many surgical techniques have been proposed

to restore blood flow during OLT. There are studies advocating that

MAL release is a safe and sometimes necessary procedure to main-

tain adequate blood supply to liver graft.4,6,8 On the contrary, some

authors suggest that this technique has depicted poor outcomes and

important postoperative complications, such as bleeding, pancreati-

tis, pancreatic fistula, gastroparesis, and pneumothorax.2,9,10 A more

conservative treatment has also been proposed, with preservation

of the GDA during dissection, thus maintaining the blood flow from

the superiormesenteric artery. Finally, an intraoperative aorto-hepatic

bypass by allograft or prosthetic graft can be performed as an alterna-

tive. However, it has been demonstrated that an aorto-hepatic bypass,

mainly by a prosthetic graft, may be accompanied by increased risk

of hepatic artery thrombosis (HAT) compared to conventional arterial

reconstruction.2,11 Pre-transplantation management of MAL stenosis

by endovascular placement of stent has not yet demonstrated better

results compared to the abovementioned surgical procedures during

transplantation.4

Even though consensus does not exist regarding the ideal treatment

of MAL during OLT, it is of general agreement that adequate arterial

flow should be achieved to avoid arterial and biliary complications.

In many cases, preoperative diagnosis of MAL is not even described,

let alone a specific surgical treatment; in general, if adequate arterial

flow is obtained during reconstruction, no further measure, such as

MAL release, is taken. In our study, there seems to be no unanimous

treatment strategy among the MAL patients. Although in most cases,

surgeons were more conservative and preserved the GDA during OLT,

the final choice was made during surgery based on perioperative fac-

tors and surgeon preference; the only common parameter remains the

need of adequate blood flow in the end. Performance of a clamping test

of the GDA is mandatory before deciding to divide it. In our institute,

arterial flow is systematically assessed at the end of anastomosis with

an intra-operative ultrasound.

In our study, we did not have any case of HAT. HAT remains the

most frequent arterial complication in patients undergoing OLT, with

an occurrence rate of 3–9%.11,12 It has been also described as an inde-

pendent risk factor for development of late biliary complications after

OLT.13 Lubrano et al. suggest that HAT rate in the presence of aMAL is

significantly lower in cases of GDA preservation than those with more
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invasive surgical techniques (MAL release, bypass), thus questioning

the usefulness of such procedures.2

Unfortunately, no study has addressed the incidence of biliary

complications after OLT in the presence of MAL. Biliary complications

after OLT can appear on the early or late postoperative period and

most commonly include biliary leaks or anastomotic strictures. Various

risk factors have been incriminated, but in most cases, etiology of

biliary complications lays on ischemic problems or inadequate surgical

technique.14 As vascular supply to the common bile duct relies upon

the hepatic artery, it can be suggested that deficient blood flow caused

by a MAL significant stenosis may lead to ischemic injury in the biliary

tree and result in early or late biliary complications. Incidence is similar

in OLT from a live or deceased donor, with the exception of a higher

rate of bile leaks whenOLT is performed from a live donor.14,13 Type of

biliary anastomosis can be of significance and it is generally accepted

that end-to-end biliary anastomosis is preferred, though in many

cases the choice of a choledocho-jejunostomy may vary according

to situations (discrepancy in donor-recipient diameter, live donor

transplantation, primary sclerosing cholangitis).15,16

In the present study, the rate of biliary complications did not dif-

fer significantly betweenpatientswith orwithoutMAL.Unsurprisingly,

shorter warm ischemia time was related to lower risk for biliary com-

plications, whereas longer ICU stay was found to be a risk factor, with

every additional day of stay in ICU leading to5%higher risk. This comes

in accordancewith a recent expert reviewwith retrospectivedata anal-

ysis in the Hungarian Liver Transplant Program, showing that a warm

ischemia time superior to 65 min and prolonged ICU stay are inde-

pendent risk factors for biliary complications after OLT, together with

advanced donor age.15,17,18

Additionally, the prevalence of post-transplantation biliary compli-

cations did not differ between the various groups of MAL treatment.

However, we found a greater trend of biliary complications occurrence

among patients with MAL treated either by MAL release or GDA

preservation than those where no specific treatment was performed.

The absence of statistical difference might be because of the small

sample size. Finally, it is worth mentioning that, due to the retro-

spective design of the study, we could collect only few information

concerning the dosage of catecholamines used during the OLT and

the hemodynamic status of the patients, that could possibly affect the

blood supply towards the graft and contribute eventually to further

complications.

The most important limitation of this study is, as mentioned, its ret-

rospective design. It is themain reasonwhyweopted for a case-control

match to reduce confounding factors. Furthermore, as shown in statis-

tical analysis, the confidence intervals in logistic regression for biliary

complications are wide. A bigger sample would be required to reach a

safer conclusion regarding theOR for biliary complications.

In conclusion, despite the fact that many authors recommend

preoperative systematic research for MAL, we did not find any signif-

icant difference in the prevalence of biliary and arterial complications

between patients with and without MAL in our study. Till now, there is

no gold standard in the treatment strategy of MAL in patients under-

going OLT. It seems that the choice of technique for treatment of

MAL does not influence in a significant way the overall outcome and

the development of complications. It is, however, obvious that at the

end of arterial reconstruction, establishing adequate arterial flow is

mandatory in order to avoid devastating complications.MAL should be

suspected, if not preoperativelydetected, if a systematicGDAclamping

test shows a decreased hepatic arterial flow, and needs to be treated

with the less invasive technique.
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Supplementary table 1: Cox regression for biliary complications 

              

  Univariate Cox regression Multivariate Cox regression 

Characteristic HR 95% CI p-value HR 95% CI p-value 

              

Presence of MAL             

No  — —         

Yes 1.51 0.56, 4.06 0.4       

Cold ischemia, minutes 1.00 1.00, 1.00 0.6       

Warm ischemia, minutes 0.94 0.89, 0.90 0.007 0.94 0.90, 0.99 0.022 

Length of stay in the ICU, days 1.04 1.01, 1.07 0.011 1.03 1.00, 1.07 0.038 

Type of biliary anastomosis             

Choledochojejunostomy — —         

End-to-end 1.37 0.18, 10.5 0.8       

Transfusion, units 1.04 0.91, 1.10 0.2 1.03 0.95, 1.11 0.5 



Donor age, years 1.01 0.99, 1.04 0.3       

Live donor             

No — —         

Yes 0.65 0.15, 2.89 0.6       

              

HR, Hazard Ratio; CI, Confidence Interval; MAL, median arcuate ligament; ICU, intensive care unit 

  

 



Supplementary table 2 : Cox regression for overall mortality 

              

  Univariate Cox regression Multivariate Cox regression 

Characteristic HR 95% CI p-value HR 95% CI p-value 

              

Presence of MAL             

No  — —         

Yes 0.36 0.01, 3.04 0.4       

Cold ischemia, minutes 1.00 1.00, 1.01 0.3       

Warm ischemia, minutes 1.01 0.95, 1.07 0.7       

Length of stay in the ICU, days 1.1 1.04, 1.16 <0.001 1.1 1.04, 1.15 <0.001 

Type of biliary anastomosis             

Choledochojejunostomy — —         

End-to-end 0.62 0.07, 5.36 0.7       

Transfusion, units 1.08 1.01, 1.15 0.019 1.09 1.00, 1.19 0.038 



Donor age, years 1.01 0.97, 1.05 0.6       

Live donor             

No — —         

Yes 3.11 0.67, 14.5 0.15       

              

HR, Hazard Ratio; CI, Confidence Interval; MAL, median arcuate ligament; ICU, intensive care unit 

 



Supplementary table 3: Cox regression for overall graft survival 

              

  Univariate Cox regression Multivariate Cox regression 

Characteristic HR 95% CI p-value HR 95% CI p-value 

              

Presence of MAL             

No  — —         

Yes 0.26 0.03, 2.12 0.20       

Cold ischemia, minutes 1.00 1.00, 1.01 0.30       

Warm ischemia, minutes 1.01 0.96, 1.07 0.60       

Length of stay in the ICU, days 1.10 1.05, 1.15 <0.001 1.10 1.04, 1.16 <0.001 

Type of biliary anastomosis             

Choledochojejunostomy — —         

End-to-end 0.56 0.07, 4.76 0.60       

Transfusion, units 1.09 1.04, 1.16 0.00 1.12 1.04, 1.20 0.00 



Donor age, years 1.01 0.97, 1.05 0.70       

Live donor             

No — —         

Yes 2.84 0.66, 12.2 0.20       

              

HR, Hazard Ratio; CI, Confidence Interval; MAL, median arcuate ligament; ICU, intensive care unit 

 



 

CONCLUSION  

 

Il semble que le choix de la technique pour le traitement du ligament arqué n’influence pas de 

manière significative le résultat global, ni l’apparition de complications. Il est cependant évident 

qu’à la fin de la reconstruction artérielle, l’obtention d’un flux artériel adéquat est capitale pour 

éviter des complications désastreuses. Un ligament arqué devrait être suspecté, si non détecté en 

préopératoire, si le clampage systématique de l’artère gastroduodénale montre une diminution du 

flux artériel hépatique et devrait être traité avec la technique la moins invasive. 

 

Malgré le fait que nombreux auteurs recommandent une recherche systématique préopératoire du 

ligament arqué, afin de l’adresser de façon appropriée pendant la transplantation hépatique, nous 

n’avons pas trouvé de différence statistiquement significative dans la prévalence des complications 

biliaires et artérielles entre les patients avec ou sans ligament arqué dans notre étude. Jusqu’à 

présent, il n’y a pas de « gold standard » dans la stratégie de prise en charge du ligament arqué 

pour les patients qui bénéficieront d’une transplantation.  
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