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Introduction:
Brain arteriovenous malformations (B-AVMs) are congenital lesions with atypical vascular shunts in the central nervous system, which involves an connection between one or multiple feeding arteries and draining veins that bypass the normal capillary.1. 	Comment by Author: The AMA style specifies that Arabic superscript numerals (for in-text citations) should be used outside of periods and commas (but inside colons and semicolons).

The incidence of brain AVMs is estimated at approximately 1 per 100 ,000 per year in unselected populations, and the point prevalence in adults is 18 per 100 000, with athe mean age at diagnosis of around 35 years, affecting both sexes equally.2,3,4. The condition is usually discovered in the diagnosissearch of intracranial hemorrhage, epilepsy, chronic headache, and focal neurologic deficits without any bleeding correlation. 
Brain AVMs are usually associated withThere are some angio-architectural risk factors for hemorrhage. These include age, associated aneurysm, venous outflow stenosis, AVMs size, AVMs location, and deep venous drainage.5,6,7. Impairment of the venous drainage of an AVMs has been shown to beis significantly associated with the risk of hemorrhage.8,9.	Comment by Author: Please ensure the revised sentence conveys your intended meaning.
Currently, there are three different alternatives for the treatment of brain AVMs: neurosurgery, radiosurgery, and endovascular treatment EVT. Regardless of the choice,, in which will be the treatment is generally is complex and could be multidisciplinary.2. 

The aim of this study wais athe retrospective angiographic analysis of venous ectasia in the brain ArterioVenous Malformations of, in patients, whothat were embolized by the endovascular technique. EVT At least one session was conducted usingof the transvenous approach, TVA and apply the results of the inter correlations between those interpretations were considered, in determining for the implications ofor the treatment ofthe brainB- AVMs. 








Materials and Methods:
Patient Demographics and Clinical Presentation 
This Institutional Review Board of our University Hospital, at Limoges France, approved this study. Informed consent was obtained from all patients before the intervention. We retrospectively evaluated the medical records of 57 patients with intra cranial AVM, who underwent endovascular treatment (at least one session viaby the venous approach), between February of 2008 and July of 2019. This studyample was focused concerned about on the analysis of venous ectasia, and the sample wasere independently reviewed by three3 senior interventional neuro-radiologists. 
The analysis of the dilated veins was performedmade by a rigorous selection of digital subtraction angiogramsDSA images, which wereas obtainedrealized for each patient immediately before the treatment. The parameter adopted to evaluate the dilated veins, was the referential pattern of the vessel, whichthat was two2 times smaller than thecompared with contra-lateral side. The images were showned tfor the evaluators inby a way of questionnaire that includedwhich was all of the selected images. The evaluators were allowed, with a time setting around 2 min for each answer. Raters They were isolated during the realization of the survey, and they were not allowed to confer among themselves during the analysis of the images weren’t not known between them.  

For all evaluators, differences in proportions were assessed using theby Fisher’s exact test, to determinescribe the correlations between dilated veins and hemorrhage complications, for all evaluators. Each analysis was individualized, comparing whether the evaluations showedrates if it had significance or not.
 
Interobserver agreement between the interventional neuroradiologists on the interpretation of images was measured using the kappa statistic test, based on the answers ofthat each of them gave, followingafter the questionnaire.  	Comment by Author: If the “evaluators,” “raters,” “observers” and “interventional neuroradiologists” all refer to the same individuals, please consider using only one term consistently for greater clarity.


Statistical Analysis 

The software used for statistical analysis was R® version 3.6.1 package for Mac®, 2019 and the Microsoft eExcel® software package for Mac®, 2019 software were used for statistical analysis. Descriptive analysis was usedmade to characterize the sample. Quantitative variables were expressed as mean ± standard deviation (SD). And Qualitative variables were expressed as frequency and percentage values. The  
Fisher’s exact test (two-sided) was used to compare the categorical variables (univariate analysis).
The kappa statistic test was used to analyzefor categorical agreement between the observers. The values for interobserver ratings were reflective ofdescribes the agreementaccord amongbetween the evaluators in determining whetherf the veins were dilated or not. Those values were, which values could be defined as <0.4, slight agreement;, 0.41- 0.8, moderate agreement; and >0.81, very good agreement.
 The association between variables was considered significant when the P-value was < 0.05.	Comment by Author: Minor revisions were made for conformity with the following author guidelines:
P-values should generally be reported out to two decimal places if greater than .01, or three if between .001 and .01, and reported as “<.001” otherwise. P-values should be presented using two-sided tests, unless the study design specifies that a one-sided test is required (eg, noninferiority studies).


Results 
Description of data 
The mean age of the 57 treated patients treated was 38.5 years (range, 9-78 years), and the sample includedwith 28 females and 29 males. The initial clinical presentation was secondary to rupture and bleeding in 38 patients (66%). Of the 57 AVMs treated, 37 (64.9%) had just one1 venous collector, 18 (31.6%) hadwith two2 collectors, and 2 (3.5%) hadwith more than three3 collectors. 
AmongIn theis sample of 57 patients, 21 (37%) lesions were located in the left hemisphere, 15 (26.5%) in the right cerebral hemisphere, one1 (1.5%) in the corpus callosum, six6 (10.5%) in the thalamus, three3 (5%) in the mesencephalon, one1 (1.5%) was commissural, five5 (9%) were in the striatum, and five5 (9%) in the cerebellum (Table 1). Deep venous drainage was present in 16 (28%) AVMs. According towith the Spetzler–-Martin classification, the 57 AVMs were classified as grade I, five5 (9%);, II, 18 (31.5%);, III, 23 (40.5%);, IV, 10 (17.5%); and as grade V, one1 (1.5%) (Table 2). The patients analyzed were embolized by the venous approach in, at least one1 session., The number ofthose patients who had treated in just one session was 31 (55%);, in two2 sessions, 16 (28.5%);, three3 sessions, four4 (7%);, four4 sessions, two 2 (3%);, five5 sessions, three 3 (5%); and just one patient (1.5%) was treated in six6 sessions. 




Table 1. Localization of brain AVM treated with a transvenous approach	Comment by Author: Minor revisions were made for conformity to the following author guidelines:
Each table should be double-spaced and begin on a separate page without vertical or horizontal rules. Font size within the tables should not be reduced.
	Locations of bBrain- AVM  
	

	 Location                                                                                                        
	No. (%)

	Hemisphere                               
Right 
Left 

Commissural 

Deep brain
Corpus Callosum
Thalamus 
Striatum 

Brain stem 
Mesencephalon 

Cerebellum
	
21 (37)
15 (26.5)

01 (1.5)


01 (1.5)
06 (10.5)
05 (9)


03 (5)

05 (9)



	Spetzler-Martin Grade 
	  No. (%)      


	
I     
II
III
IV
V
	
 05 (9)
 18 (31.5)
 23 (40.5)
 10 (17.5)                                                       



 Table 2 Spetzler-Martin classification of the total 54 AVM treated.




















Table 2. Spetzler–Martin classification of the 54 AVMs treated

	Spetzler–Martin Grade 	Comment by Author: Please double-check the details of this table. There are four sets of values in the second column, but five grades listed. 
Please also double-check the corresponding percentages in parentheses.
	No. (%)


	
I 
II
III
IV
V
	
5 (9.0)
18 (31.5)
23 (40.5)
10 (17.5)














Intraobserver and Interobserver Agreement 

After the questionnaire was completed byrealized for the evaluators, the were found different results ofabout their analyseis of dilated veins between themdiffered. With Regarding their findings of statements about the dilated veins, the first evaluator had a total of 24 cases (42.1%);, the second evaluator had 28 (49.1%); and the third evaluatorlast one had 36 (63.1%). AmongFor all evaluators, the number of hemorrhagice complications associated with dilated veins, were observed in eight8 patients (14%), among which, those six6 (10.5%), showeadve being considered dilated veins.	Comment by Author: Please ensure the revised sentence conveys your intended meaning.
Table 1 Localization of Brain AVM treated with TVA

The correlation between dilated veins and hemorrhage complications, were determinedscribed by the Fisher’s exact test in each of the three3 analyseis. After and the findings of the evaluators werecomparing rates compared,show no significant correlationce with bleeding complications was observed. The results of all the three evaluators showead a P-value > 0.05, with a correspondingn odds ratio and a confidence interval, showing correspondent with no significant differences (Table 3). Consistent In accord with these findingsat, when the same Fisher’s test was appliedutilized to determinemake the correlation between the absence ofno dilated veins and previous rupture, was found significance the results offor all evaluators were significant. Considered separately,If we took each one apart we gone found a P=0.001367 was observed for the first evaluator, P=0.01194 for the second, and P=0.0043843 for the third (Table 4). 



Table 3. Fisher’s test analysis among all evaluators, relating to dilated veins and hemorrhage risk factors

	Fisher’s test analysis: dilated veins  and hemorrhagic complications
	
	
	

	


Evaluator 1 

Evaluator 2

Evaluator 3
	P-value


0.06587

0.1443

0.706966
	Odds ratio


5.0161

3.6016

1.8801
	Confidence interval (%)


0.78 - 55.87

0.57 - 39.94

0.29 - 20.91


Table 3 Fisher’s test analysis between all Evaluators, concerning dilated veins and hemorrhage risk factor.


Table 4. Fisher’s test analysis among all evaluators, relating to the lack of dilated veins and AVM previous rupture risk 

	Fisher’s test analysis: no dilated veins and previous AVM rupture
	

	

	


	



Evaluator 1 
	P-value

0.001367
	Odds Ratio

0.1331
	Confidence interval (%)

0.029 - 0.51

	

Evaluator 2
	
0.012194
	
0.2145
	
0.049 - 0.79

	

Evaluator 3
	
0.004384
	
0.1217
	
0.012 –- 0.62


Table 4 Fisher’s test analysis between all Evaluators, concerning no dilated veins and AVM previous rupture risk. 

AmongIn the sample of 57 patients, we hadonly a few casesexamples showedof dilated veins (Figure 1), for which that the evaluators were all in didn’t have doubt to answer and was the sameagreement for all. However,But in somethere were cases, which the findingsanswers were divergent (Figure 2), and in those cases the kappa statistic test was applied. This statistic, which determined whetherscribed the combination of the answers in theof inter-observer analysis, was well employed. 
The kappa’s statistics test made a combinedation the findings between two2 evaluators separately, and all of those combinations showead a moderate agreement, in other words K (0.41 -– 0.8). The first combination was betweenamong the findings of Evaluators 1 and 2, for which K was( 0.5074. This), then it was then compared with the findings of Evaluators 1 with 3, for which resulting K was (0.4610.) and The last comparison consideredone balanced the second and the third evaluators, for which was found K was( 0.4412).


[image: ][image: ][image: ][image: ]Figure 1) 1) CASE: 37) S.G.H, 29, M, A and B, are antero posterior and lateral views, respectively, ofwith an internal carotid artery injection, showing the venous time with well visualized dilated right parietal cortical vein; C, work projection tof the venous approach; D, super-selective venous injection via aby the microcatheter. 2) CASE: 29 ) G.S, 51, M,  E and F, are antero posterior and lateral views, respectively, of with an internal carotid artery injection, showing the venous time with well visualized dilated right frontal cortical vein; G, work projection tof the venous approach; H, super-selective venous injection viaby the a microcatheter. 3) CASE: 18 ) F.M, I and J, are antero posterior and lateral views, respectively, of anwith internal carotid artery injection, showing the venous time with well visualized dilated right parietal vein; K, work projection tof the venous approach; L, super-selective venous injection via aby the microcatheter.	Comment by Author: Please note, figures should be submitted in JPG, TIF, or EPS format (per author guidelines).
Please note the following author guidelines:
Each image should be a separate file with the figure number indicated in the filename. Images should be uniform in size and magnification and should not be redundant. Excessive illustrative material is to be avoided. Label all pertinent findings.	Comment by Author: If this refers to a “29-year-old-male patient,” please state so plainly for greater clarity.	Comment by Author: If this refers to a “51-year-old-male patient,” please state so plainly for greater clarity. Please verify all similar instacnes in both figures.	Comment by Author: Please double-check this for consistency, as previous similar cases have included what seems to be the age and sex of the patient.
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Figure 21) 1) CASE: 12 ) L.R, 64, M,  A and B, are antero posterior and lateral views, respectively, of anwith internal carotid artery injection, showing the venous time with well visualized normal frontal cortical vein; C, work projection tof the venous approach; D, super-selective venous injection via aby the microcatheter. 2) CASE: 29 ) G.S, 51, M,  E and F, are antero posterior and lateral views, respectively, of anwith internal carotid artery injection, showing the venous time with well visualized dilated frontal cortical vein;; G, work projection tof the venous approach; H, super-selective venous injection viaby the a microcatheter. 3) CASE: 18 ) F.M, I and J, are antero posterior and lateral views, respectively, ofwith an internal carotid artery injection, showing the venous time with well visualized dilated frontal cortical vein;; K, work projection tof the venous approach; L, super-selective venous injection via aby the microcatheter.                                                                                                      

Discussion 
Intracranial AVMs are a cerebrovascular pathology that have a cumulative risk of functional disability or death, due to intracranial bleeding and refractory epilepsy. Moreover,eanwhile intracranial AVMsthey may also be asymptomatic for extended periods or never manifest any clinical symptoms. 
The treatment of brain AVMs is complex and may involves different techniques, such as endovascular embolization EVT (basically transarterial and transvenous approaches TVA), neurosurgery, radiosurgery, and sometimes a combination of two or more of these techniques.the association between them2. 
The development and rupture of AVMs is a multifactorial and multistage process., This shouldwhich could be considered, as since anthe impairment of embryonical vasculogenesis can beto the correlatedion with other between the phenomena associated within the characteristics of brainB- AVM angioarchitecture that arewhich conducive towith hemodynamic changes.10,11,12. 






“Angioarchitecture refers to” describes the morphology of internal structures and other characteristics of the blood vessels.13.  To understand, such anatomy, is often difficult also because of the entanglementd aspect of the vessels, which are compriseing athe nidus and the surrounding the arteries and veins, resulting in onegiven an aspect of anamorphosis.14. A precise recognition of the different components ofwhich constitute the brainB- AVMs angioarchitecture, hasve considerablean enormous importance in the treatmentfor planning the treatments, can reduce the number of complications associrelated with the procedure, and also could aid in  anticipatinge a treatment outcome in some cases, to avoiding a possible rupture. This is especially so in thosecases with, which have some characteristics that have already beenare defined as correlated with hemorrhage, such: as those with deep venous drainage, intranidal aneurysm, increased size of the nidus, stenotic venous drainage, and specific AVM location.13,15,16,17. Our goal wais to emphasize the dilated veins as an important factor to be identified before selecting any patient forto the treatment of intracranial AVM.	Comment by Author: Please ensure the revised phrase conveys your intended meaning.

All the evaluators used the same method to determine whetherif the vein was dilated or not., The principal vein collector nearest of the nidus was compared with a vein of normal size vein within the siamilare topography onf the contra-lateral side., This difference should have been the double of the “normal” size to be considered dilated. In the sample of 57 patients, we observedhad examples of dilated veins (Figure 1) for whichthat evaluators shareddid no’t have doubts to answer and there was a consensuswas the same for all. However,But in otherthere were cases, which the findingsanswers were divergent (Figure 2), and in those cases, the kappa statistic test was applied to determinewhich described the combination of the answers that was employed in theof inter-observer analysis, was employed. 

The term angiomatous change was defined by Michael P. Marks et all.,15, asthat representings multiple dilated vessels that feed and awere recruited by the AVM nidus, which consists of arterioles that shunt directly into venous loops ins a passive vascular system, in which the rate of blood flow is pressure dependent.15,18. The angiomatous aspect is evident when the pressure of the arterial pedicle or the venous collector is not regular. This, means that in an AVM, for which the arterial feeder has the low pressure, the nidus needs to recruit other feeders, such as the cortical branches for example, to normalize the pressure, and this reversal of pressure gradient, increases the incidencerates of hemorrhage.15. 
In athe siamilare mannerway, ifwhen we have an AVM haswith a collector vein that is not dilated, the rate of the pressure becomes higher than normal, instead low as usual. Consistent with this In the same point of view, Nornes and Grip19 define showed that as the flow is directly related to the reduction in pressure decrease along the length of a tube (according to the equation of Poiseuille/Hagenbach extension). This equation means that the pressure reductiondecrease along the length of a tube and the pressure on the vessels of an AVM nidus are directly related to the length of the artery supplying the AVM.15,19.  
When we microscopically analyze microscopically the walls of the vein  in a ruptured AVM, there are few alterations that arewhich is evident, which are the results of mechanical impact disorders, caused by changes in hemodynamic flow changes into the angio-architecture.10. Researchers have found that the preferred orientation of collagen fibers is in the direction of vessel stretch.20. The normal arrangementaspect of the collagen fibers arrangement is formed in a symmetric spiral. However, aswith the disease progressesevolution, this configuration is often altereddamaged. The exposition by turbulence, disturbs the direction of flexibility of the vessel wall and the effects of stretch.; This could further lead to be causes a disordered arrangement of collagen fibers and weakness.10. The main cause of the fragility of the vessel wall, could be by the fibrous repair, which often results inhave the hyperplasia of type I and Type III collagen with disordered arrangement. The advantage of this process is that ito fills in the defects, and the maintains the integrity of the vessel wall, which aresuch a phenomena adaptadaptationsive tof the disease.10.  
Our results showed no significantce correlation between dilated veins and hemorrhagic complications, both during and after the transvenous approach.TVA, We analyzed the images of the veins immediately before the procedure (Table 3). Even if we considered thetook in account about hemodynamics and pathological alterations as the typical physiopathology of AVM, our results would remainis in the same direction., Therefore, the dilated vein is an phenomena adaptationive of the disease andis part of its progressive evolution. 
OIn the other hand, withen the same Fisher’s test was also used to compare both the unNO dilated veins and previous rupture amongfor each evaluator, weand was found significant differencesce for all analyszes (Table 4). Therefore, if we take into account our statistical results and what haswere already been described in the literature, about brainB- AVMs physiopathology in the literature, we could deducehave a causal link to highlightpoint our hypothesis. We infer that, which is founded on the presence of dilated veins serve asupport the idea  as protective factor againstof spontaneous rupture. 
Limitations of the study
The present study wais subject to limitations due to the small number of cases. The sample because representeds cases a t a single center’s experience that employedwith curative embolization strategies for AVMs, and with at least one session usingof the transvenous approach. ThisTVA, strategy consequently decreased the sample size. The data analysis was of data has been done retrospectively. The images could have been analyzed using the protocols of 4D injections21 and reconstructions, facilitatedprovide by the Siemens software, to better define the size and the number of the veins that werewhich are nearest tof the nidus. This method is usually used during the AVM embolization atin our facilityservice. HoweverBut by contrast, one of the purposes of this study was tois determineprovide the angioarchitectures knowledge usingwith the digital subtraction angiogramDSA images as a useful tool, especially for facilitiesthe services thatwhich are not equippeddon’t have the option of with 4D technology, and correctly select correctly the appropriate brainB- AVM cases for treatment.
As pioneers of the idea thatWe identifiedy that dilated veins are an important considerationsubject to take into account, in patients with brainB- AVMs patients, that can facilitatebefore the treatment decision to make a treatments., Our research teamgroup intendsare constantly arranged to conduct further pursue a line of research into AVM treatments.
Conclusion
The advent of novel technologies in the neuro interventional field increasingly contributes to increasingly the development ofin the treatment options forof brainB- AVM. The complex physiopathology makes the discovery of suchrends the options even more challenging, which ithat’s why new information about the disease isare extremely important. Our statistical analysis showedin identify a that venous ectasia in a brainB- AVM allows us supports the idea of its role as a protective factor againstof spontaneous rupture. As with other novelew studiesresearches, multi centric and larger clinical case series will be needed to determine the reproducibility and validation of potential benefits. 
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