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ABSTRACT Purpose

Portal hypertension is responsible for congestion of the central lymphatic system to reabsorb excess fluid from the interstitial sector. This congestion is visible on CT scan by a dilatation of the cisterna chyli (CC). However, central lymphatic system is not dilated in 25 to 42% of cirrhotic patients with portal hypertension. It has been suggested that cirrhotic patients undergoing transjugular intrahepatic portosystemic shunt (TIPS) insertion without CC dilatation on CT scan have a poorer prognosis. The hypothesis made was that the absence of CC dilatation and thus of central lymphatic system congestion prevent buffering of portal hypertension variation.

Objectives

The main objective of this study was to evaluate the association of CC dilatation with overall survival of patients with portal hypertension undergoing TIPS or transjugular liver biopsy (TJLB) with hepatic venous pressure gradient (HVPG) measurement. Secondary objectives were to evaluate the correlation between CC diameter with HVPG and portal pressure measurements in the total cohort as well as in the subgroup of patients without large venous collaterals (≥ 6 mm on CT scanner) that could partially absorb portal hypertension, and to investigate predictive factors of CC non-dilatation (non-detectable or < 5 mm of axial diameter on CT scan).

Materials and methods

It was a monocentric retrospective study, including patients who had undergone TIPS insertion or TJLB with HVPG from January 2011 to December 2021. Exclusion criteria were the absence of CT scan pre TIPS and pre or post TJLB, and the absence of portal hypertension (defined as HVPG < 5 mm). The diameter of the CC was measured on strict axial slices.

Results

138 patients were included in this study with a mean age of 61.8 years ± 12.1. Among them 115 patients were men (83.3%) and 130 patients had cirrhosis (94.2%). CC was dilated in 97 patients (70.3%), with a mean diameter of 8.9 ± 4.4 mm. Overall survival was not different between patients with dilated CC versus patients without (p=0.454). There was no correlation between diameter of the CC and HVPG, in the total cohort (r=0.025; p=0.804) and in the subgroup without large venous collaterals (r=0.033; p=0.906), or between diameter of the CC and portal pressure, in the full cohort (r=0.148; p=0.196) and in the subgroup without large venous collaterals (r=0.446; p=0.110). No predictive factors for non-dilatation of CC were found, including the Child-Pugh score (p=0.387).

Conclusion

Non-dilatation of CC does not seem to be correlated with overall survival in patients with portal hypertension undergoing TIPS or TJLB. 
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INTRODUCTION

Hepatic cirrhosis is a common chronic disease, affecting more than 112 million people in the world [START_REF] Sepanlou | The global, regional, and national burden of cirrhosis by cause in 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017[END_REF]. It leads to portal hypertension, which can be responsible for the occurrence of digestive bleeding and ascites, worsening the disease's prognosis. The importance of lymphatic drainage has been known for a long time in portal hypertension (2-4). Starling's law governs the exchanges between vascular and interstitial sectors, and the increase of hydrostatic pressure in portal hypertension results in a transfer of fluid to the interstitial sector [START_REF] Witte | Lymph Protein in Hepatic Cirrhosis and Experimental Hepatic and Portal Venous Hypertension[END_REF][START_REF] Levick | Capillary filtration-absorption balance reconsidered in light of dynamic extravascular factors[END_REF]. The lymphatic system is the main way to evacuate this fluid excess. Liver lymphatics vessels drain into the cisterna chyli (CC) and then to the thoracic duct (TD), ending up in the central venous system at the left venous angle [START_REF] Hsu | Lymphatic Anatomy[END_REF]. The lymphatic flow in the TD is increased three to six fold in cirrhotic patients, as compared to general population [START_REF] Dumont | Flow Rate and Composition of Thoracic-Duct Lymph in Patients with Cirrhosis[END_REF]. When the lymphatic system is overwhelmed, excess fluid reaches the extracellular space, responsible for the onset of ascites [START_REF] Chung | The lymphatic vascular system in liver diseases: its role in ascites formation[END_REF].

The dilatation of the CC and TD on CT scan illustrate this central lymphatic congestion [START_REF] Kumar | Lymphatic dysfunction in advanced cirrhosis: Contextual perspective and clinical implications[END_REF]. However, literature data remains scarce and contradictory, some authors correlating TD diameter with cirrhosis grade [START_REF] Hwang | Evaluation of the left neck distal thoracic duct in cirrhosis with computed tomography[END_REF][START_REF] Park | Clinical implications of thoracic duct dilatation in patients with chronic liver disease[END_REF], while other do not find significant association with clinical data [START_REF] Pieper | Impact of transjugular intrahepatic portosystemic shunt creation on the central lymphatic system in liver cirrhosis[END_REF][START_REF] Porret | Evolution of Thoracic Duct Congestion after Portal Decompression by TIPS in Cirrhotic Patients[END_REF]. Also, the absence of central lymphatic vessels congestion in 20 to 42 % of cirrhotic patients [START_REF] Kiyonaga | Thoracic duct and cisterna chyli: evaluation with multidetector row CT[END_REF] suggests an alteration of the central lymphatic drainage [START_REF] Sarin | Deeper insights into the relevance of lymphatic circulation in cirrhosis of the liver: A trojan horse or the holy grail?[END_REF].

Recently, a study including 93 patients with portal hypertension reported a decrease in size of CC after transjugular intrahepatic portosystemic shunt (TIPS) insertion. The authors also described that the non-visibility of the CC prior to TIPS insertion was associated with shorter overall survival [START_REF] Pieper | Impact of transjugular intrahepatic portosystemic shunt creation on the central lymphatic system in liver cirrhosis[END_REF], suggesting that this may be responsible for a poorer capacity to adapt to surges of portal hypertension [START_REF] Ready | Morbidity and Mortality of Portal Hypertension[END_REF]. It was also mentioned that the absence of large venous collaterals, acting like a physiological pressure relief system [START_REF] Arora | Spectrum of hepatofugal collateral pathways in portal hypertension: an illustrated radiological review[END_REF][START_REF] Bandali | Portal hypertension: Imaging of portosystemic collateral pathways and associated image-guided therapy[END_REF], was responsible for a direct transfer of portal hypertension to the lymphatic system [START_REF] Porret | Evolution of Thoracic Duct Congestion after Portal Decompression by TIPS in Cirrhotic Patients[END_REF], and thus a correlation between portal pressure and CC diameter in this subgroup of patients.

The purpose of this study was to confirm these recent findings and then to evaluate the association between the absence of central lymphatic congestion and overall survival in patients with portal hypertension undergoing TIPS insertion or transjugular liver biopsy (TJLB) with hepatic venous pressure gradient (HVPG) measurement.

MATERIALS AND METHODS

Study design and patients

This study was approved by a national review board and a non-opposition notice was given to all patients. All consecutive patients of 18 years and older who underwent HVPG measurement either by TIPS insertion or TJLB at our academic center between January 2011 and December 2021 were retrospectively included in this study.

Exclusion criteria were the absence of portal hypertension, defined by a HVPG of at least 5 mm Hg [START_REF] Kumar | Hepatic venous pressure gradient measurement: time to learn! Indian[END_REF], and the absence of pre TIPS abdominopelvic CT scan in case of TIPS insertion and pre or post procedure for patients undergoing TJLB.

Imaging data collection

All patients had at least one abdominopelvic CT scan before TIPS insertion or before or after TJLB. If more were available, the closest to the procedure was selected for the study.

Measurements and imaging analysis were done on a dedicated PACS software from AGFA Enterprise Imaging 8.1.2 SP4 HF5 (AGFA Healthcare, Mortsel, Belgium), and included the maximal CC diameter in millimeters in axial slices, the spleen long axis in coronal slices, the presence of large portosystemic collaterals (defined as ≥ 6 mm in axial slices [START_REF] Pieper | Impact of transjugular intrahepatic portosystemic shunt creation on the central lymphatic system in liver cirrhosis[END_REF]), the presence of ascites and the azygos vein diameter in millimeter in axial slices.

The CC was identified as a tubular structure, isodense to water and located in the retrocrural space, right of the aorta, extending cranially to the TD (Figure 1). It was measured at its largest diameter on strict axial slices of 2.5 mm. The CC was stated as dilated when its axial greatest diameter was ≥ 5 mm [START_REF] Ito | Cisterna chyli in patients with portal hypertension: Evaluation with MR imaging[END_REF].

Imaging data were analyzed in a blinded fashion by two radiologists with 4 and 6 years of experience. Discrepancy of more than 1 mm leaded to a new analysis for agreement on a common value.

Figure 1. Cisterna chyli vizualisation on CT scan. A : non dilated cisterna chyli, axial slice ; B : dilated cisterna chyli, axial slice, C : dilated cisterna chyli, coronal slice.

Objectives

The main objective of this study was to investigate the association between non-dilatation of central lymphatic system on CT scan and overall survival in patients with portal hypertension undergoing TIPS insertion or TJLB with HVPG measurements. Overall survival of patients with non-visible CC or CC diameter < 5 mm on axial slice was compared to survival of patients with CC diameter ≥ 5 mm in the full cohort and in the subgroups of patients who had TIPS creation for refractory ascites or bleeding.

Secondary objectives were to evaluate the correlation between the CC diameter and HVPG measurements, in the full cohort and in the subgroup of patients without large venous collaterals, between the CC diameter and the Child-Pugh score, the MELD score, the CT scan signs of portal hypertension (splenomegaly, presence of large portosystemic collaterals, ascites and azygos vein diameter) and the TIPS clinical success. The last secondary objective was to evaluate predictive factors for non-congestion of central lymphatic system (i.e., nonvisible CC or CC diameter <5mm on CT scan).

Statistical analysis

Summary statistics for qualitative variables were reported as number and percentage while quantitative variables are expressed as mean and Standard Deviation (SD). Inclusion characteristics were described for the entire sample. Univariate analyses were performed to compare patient characteristics according to the patient's vital status (primary endpoint) using Student's t test or a Mann-Whitney test depending on the distribution of the quantitative variable, as well as an ANOVA or Kruskal-Wallis test and a Pearson's Chi-squared test or Fisher exact test depending on the validity conditions. The secondary endpoints were analyzed using the same strategy in univariate analysis. Correlations were calculated using a Pearson test or a Spearman test if validity conditions were not satisfied. Descriptive analysis were conducted using Kaplan-Meier survival analysis with analysis in sub-groups according to the defined objectives. Two-sided p-values of <0.05 were considered statistically significant. All analyses were performed using RStudio (Version 1.0.143 ©).

RESULTS

Patients' inclusion

From January 2011 to December 2021, 372 patients had TIPS insertion or TJLB with HVPG measurements. Among them, 193 patients (51.9%) without CT scan data available and 41 patients (11.0%) without portal hypertension on HVPG measurement were excluded. The remaining 138 patients (37.1 %) were included in this study (Figure 2). CC diameter (if visible), mean (± SD) 8.9 (4.4) Splenomegaly, n (%) 83 (60.1) Azygos vein diameter in mm, mean (± SD) 8.9 (1.9) Large portosystemic collaterals > 6 mm, n (%) 102 (73.9) Portal pressure in mm Hg, mean (± SD) 30.4 (9.9) HVPG in mm Hg. mean (± SD) 16.8 (8.1) n : number ; SD : standard deviation ; MELD : model for endstage liver disease ; TIPS : transjugular intrahepatic portosystemic shunt ; TJLB : transjugular liver biopsy ; PR : prothrombin ratio ; CC : cisterna chyli

Overall survival and non-dilatation of central lymphatic system

The CC was detectable and dilated (diameter ≥5 mm) in 97 patients (70.3%), with a mean diameter of 8.9 mm (±4.4). In the group of patients who underwent TIPS insertion, mean CC diameter was 10.0 mm (±7.1) in the ascites group and 8.2 mm (±4.1) in the digestive bleeding group (p=0.258).

Mean overall survival was 33.7 months (±34.6) in patients with a dilated CC vs 27.9 months (±30.8) in patients without dilatation of the CC (p=0.454) (Figure 3A). There was no difference in overall survival in the subgroups according to the indication of TIPS insertion, such as digestive bleeding (p=0.282) (Figure 3B), with a mean survival of 22.8 months (±26.5) without CC dilatation and 31 months (±33.9) with a dilated CC, and ascites (p=0.518) (Figure 3C), with a mean survival of 34.3 months (±39.8) without CC dilatation and 38.5 months (±37.5) with a dilated CC.

Figure 3. Log-rank overall survival curves segregating the cohorts of patients according to CC dilatation in full cohort (A), subgroup of patients with TIPS insertion for digestive bleeding (B) and subgroup of patients with TIPS insertion for ascites (C):

Cisterna chyli and correlation with portal hypertension

The CC diameter was not correlated with HVPG (r=0.025; p=0.804) or with portal pressure (r=0.148; p=0.196) in the full cohort (Table 2), in the subgroup of patients without large venous collaterals (r=0.033; p=0.906 and r=0.446; p=0.110), and in the subgroups according to TIPS indication (digestive bleeding and ascites). There was also no correlation between the CC diameter and the Child-Pugh score (p=0.490), the MELD cirrhosis score (p=0.149) and with clinical success of TIPS (p=0.368).

Azygos vein diameter was the only CT scan sign of portal hypertension weakly correlated with the CC diameter (r=0.285; p=0.005). 

Inter observer correlation

Correlation between the two readers was excellent with ICC = 0.971 [CI95: 0.785;0.997] for CC diameter measurements. Differences over 1 mm were noted in 32 patients and required a supplementary evaluation to obtain an agreement.

Predictive factors of CC non-dilatation

No predictive factor for CC non-dilatation was found in the population of patients with portal hypertension. In particular, CC non-dilatation was not associated with Child-Pugh score in the full cohort (p=0.387) and in the subgroup of patients with visible CC (p=0.803) (Table 3). 

DISCUSSION

This study found no difference in overall survival between patients with dilated and non-dilated CC. In addition, portal pressure and HVPG were not correlated with CC diameter, notably in patients without large venous collaterals.

The results of this study do not confirm those recently reported by Pieper et al. [START_REF] Pieper | Impact of transjugular intrahepatic portosystemic shunt creation on the central lymphatic system in liver cirrhosis[END_REF] regarding the absence of CC dilatation as a poor prognostic factor for survival. In their study, no difference was made according to the indication for TIPS creation, whereas patients with TIPS for digestive bleeding had a worse early prognosis (21) than those with refractory ascites. In the subgroup analyses, we did not find any difference either. The main limitation of this approach is that a TIPS creation leads to the lifting of portal hypertension [START_REF] García-Pagán | Early Use of TIPS in Patients with Cirrhosis and Variceal Bleeding[END_REF] and thus the importance of the lymphatic system in buffering portal hypertension decreases. This factor could make us consider a similar study in cirrhotic patients excluding patients with TIPS insertion and liver transplant, to better evaluate the impact of central lymphatic congestion in patients with persistent portal hypertension. Another study that could be conducted would be to investigate the survival and digestive bleeding of patients with TIPS thrombosis based on CC dilatation before TIPS to see if central lymphatic congestion would absorb the abrupt surge of portal hypertension in these patients. Another explanation for the negative results in this study could come from the anatomical variability of the lymphatic system. Indeed, hepatic drainage is mainly towards the TD, but anterior and intercostal thoracic chains may also be involved and are not detectable on CT scans in routine practice [START_REF] Lengelé | Anatomical bases for the radiological delineation of lymph node areas. Upper limbs, chest and abdomen[END_REF]. The lack of CC dilatation could be compensated by drainage through these accessory channels.

There was also no difference of CC diameter between the subgroups of patients with and without large venous collaterals (p=0.258), as well as no correlation between the CC diameters and portal pressure (r=0.446; p=0.110) or HVPG (r=0.033; p=0.906) in patients without voluminous venous collaterals, contrary to a previous report [START_REF] Pieper | Impact of transjugular intrahepatic portosystemic shunt creation on the central lymphatic system in liver cirrhosis[END_REF]. If these large venous portosystemic collaterals can be considered as a way to partially lift the portal hypertension, acting like a physiological portosystemic shunt, as mentioned by Pieper and al. [START_REF] Pieper | Impact of transjugular intrahepatic portosystemic shunt creation on the central lymphatic system in liver cirrhosis[END_REF], the development of these collaterals is a reflection of an important increase in HVPG as shown in the current study were HVPG was superior in patients with large venous collaterals than in patients without (p=0.020).

Multiple parameters can affect the CC diameter and visibility in CT scan. The CC is a structure with significant anatomical variability, not visible in 20 to 42 % of cirrhotic patients [START_REF] Kiyonaga | Thoracic duct and cisterna chyli: evaluation with multidetector row CT[END_REF], and, like most macroscopic lymphatics vessels, present a high parietal elasticity, explaining that a lot of independent factors might impact its caliber, including position [START_REF] Niggemann | Postural Effect on the Size of the Cisterna Chyli[END_REF], hydration, heart function and central venous pressure [START_REF] Verma | Dilated cisternae chyli: a sign of uncompensated cirrhosis at MR imaging[END_REF][START_REF] Itkin | Pathophysiology of the Lymphatic System in Patients With Heart Failure[END_REF]. It also has a parietal peristaltism, observed during MR imaging [START_REF] Ito | Cisterna chyli in patients with portal hypertension: Evaluation with MR imaging[END_REF], which can impact CT measurements. Nonetheless, our study found detectability (71 %) and dilatation (mean axial diameter of 8.9 mm) in line with those usually described in the cirrhotic population [START_REF] Verma | Dilated cisternae chyli: a sign of uncompensated cirrhosis at MR imaging[END_REF], with an excellent interobserver correlation for the measurement of the CC (ICC=0.971 [CI95: 0.785;0.997]). Furthermore, the absence of correlation between CC diameter and various clinical, biological, imaging and angiographic data stay on track with the discordant results of recent studies in this field [START_REF] Ito | Cisterna chyli in patients with portal hypertension: Evaluation with MR imaging[END_REF][START_REF] Verma | Dilated cisternae chyli: a sign of uncompensated cirrhosis at MR imaging[END_REF]. However, it has to be noted that most of those are mainly focused on the TD end diameter rather that the CC, including the Park and al. study [START_REF] Park | Clinical implications of thoracic duct dilatation in patients with chronic liver disease[END_REF].

If the impact of lymphatic drainage has been clearly established [START_REF] Kumar | Lymphatic dysfunction in advanced cirrhosis: Contextual perspective and clinical implications[END_REF][START_REF] Vollmar | Lymph Vessel Expansion and Function in the Development of Hepatic Fibrosis and[END_REF], analysis methods through imaging are limited to macroscopic pathways. Congestion of the central lymphatics shows us only the final collecting vessel, and histological analysis of the intrahepatic lymphatic vessels could help us locate and better understand the lymphatic congestion in cirrhosis with portal hypertension. One way to further investigate this could be to associate macroscopic analysis through imaging and microscopic analysis in patients who underwent liver biopsy or transplantation [START_REF] Ohtani | Organization and developmental aspects of lymphatic vessels[END_REF][START_REF] Yokomori | Lymphatic marker podoplanin/D2-40 in human advanced cirrhotic liver-Re-evaluations of microlymphatic abnormalities[END_REF].

The first limitation of this study is its monocentric and retrospective design. The inclusion criteria, limited to patients who benefited both from invasive portal pressure measurements and a CT scan close to the procedure were restrictive considering the whole cirrhotic with portal hypertension population. Regarding imaging data analysis, CT scan analysis of CC is limited in this feature-rich anatomical region, without limited contrast even after contrast agents injection, as opposed to the TD, better individualized near the lymphovenous junction in CT scan [START_REF] Hwang | Evaluation of the left neck distal thoracic duct in cirrhosis with computed tomography[END_REF][START_REF] Johnson | The thoracic duct: clinical importance, anatomic variation, imaging, and embolization[END_REF]. MRI better visualize the CC, as shown by Ito and al. who depicted CC in 95 % of patients through hyper weighted T2 imaging, with better characterization between CC, lymph nodes and small vessels [START_REF] Ito | Cisterna chyli in patients with portal hypertension: Evaluation with MR imaging[END_REF], but this imaging method can be limited by loss of signal in patients with abundant ascites, frequent in the decompensated cirrhotic population. Finally, TIPS insertion was a confusing factor in survival evaluation, as well as the divergence in prognosis regarding TIPS indication, as mentioned earlier.

CONCLUSION

Non-dilatation of CC was not predictive of overall survival in patients with portal hypertension undergoing TIPS insertion of TJLB and no predictive factor of non-dilatation of CC was found in this study. Further studies with broader inclusion criteria might be necessary to better investigate the impact and significance of central lymphatic congestion in portal hypertension.
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Figure 2 .

 2 Figure 2. Flow chart of the study:

  

Table 1 )

 1 The mean age of patients included in this study 61.8 years ± 12.1 (age range: 21-86 years),

	including 115 men (83.3%), and 130 patients with cirrhosis (94.2%). In the subgroup of patient
	who underwent TIPS insertion, the TIPS indication was refractory ascites in 49 patients (35.5%)
	and digestive bleeding in 67 patients (48.6%).
	Large venous collaterals were identified in 102 patients (73.9%). Mean HVPG in patients with
	large venous collaterals was 17.8 mmHg (±8.7) versus 14.2 mmHg (±5.3) in patients without
	large collaterals (p=0.020) but mean CC diameter was not different between the two groups

Table 2 . Correlation with CC diameter
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	Variables

Table 3 . Predictive factors of CC non-dilatation in patients with portal hypertension:

 3 

	Variable	Full cohort (n=138)	Only patients with visible CC (n=97)
	Age	p=0.336	p=0.627
	Sex	p=0.379	p=0.339
	Etiology	p=0.942	p=0.376
	Child-Pugh score	p=0.387	p=0.803
	MELD score	p=0.117	p=0.149
	Ascites	p=0.275	p=0.166
	TIPS indication	p=0.258	p=0.186
	Baseline portal pressure	p=0.622	p=0.196
	Baseline HVPG	p=0.656	p=0.849
	Proteinemia	p=0.489	p=0.191
	Albuminemia	p=0.858	p=0.453
	CC : cisterna chyli ; n : number ; p : p value ; MELD : model for end stage liver disease ;
	TIPS : transjugular intrahepatic portosystemic shunt ; HVPG : hepatic venous pressure
	gradient		

ABREVIATIONS