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Introduction:INTRODUCTION

The brain AVMs (bAVM) embolization modelparadigm has been classically characterized by arterial devascularization, whether those with a curative intent, or performed as pre-surgical embolization, or as a  pre-radiosurgicalery procedure. Within recentthe last years, the transvenous approach (TVA) has gone againstbroken thiis model axiome and is now gaining more acceptancespace in bAVMs therapy. 1,2,4,312,14. 
The TVA has several advantages, including: a high rate of angiographic cure., In our last publication, anatomical exclusion was observedseen in 92.6% of all cases.415; The TVAIt is also an excellent option for the treatment ofing deep and  inaccessible bAVMs.5,5,610.
Nevertheless, like other therapeutic methods, whether the microsurgical, radiosurgical, or arterial approach is applied,in endovascular, intraprocedural, or periprocedural complications may occur. In this context, hemorrhagic complications (HCs) are the most challengingfeared, because theyfor the reason that can causes neurological deterioration, or lead toas well as poor outcomes, and evenor death in many cases. 7,8,9,10 9,11,19, 21
A greater understanding of the frequency and risk factors for HCs may optimize patients selection for theto TVA. AtIn our institution, endovascular management is the primary treatment modality for bAVMs.
The aims of this study is were to estimate the rates of intraprocedural and periprocedural hemorrhage after TVA bAVM embolization, to assess the morbidity and mortality associated with bleeding, and to analyze the angioarchitectural risk factors linked with suchthis complications.

1. Materials and MethodsMETHODS
	
Data Collection and Patients

We reviewed a prospectively collected database of 192 patients with bAVMs, who underwent endovascular treatment performed at our institution between January 2008 and July 2019. A total of 57 patients underwent TVA embolization performed by the seniors interventional neuroradiologists (C.M., S.S., and A.R). 
We assessed demographics, medical history, clinical presentation, imaging results, reports of any interventions, postoperative examinations, and clinical follow-up amongin all patients. All HCs were prospectively evaluated, and the location of the hemorrhagebleeding, its the temporal relationship of bleeding with a TVA, clinical outcomes (modified Rankin Scale - mRS), and imaging outcomes at discharge and after 6 months after were recordedcollected.
The anatomical data collected, included the diameter of thewere enlargedr nidus diameter before any intervention, diameter of the enlargedr nidus diameter immediately before treatment by the TVA session, the location of the nidus location (cortical or deep), and the number of venous collectors. The evaluation of dilated or non-dilated drainage vein was performed by Three3 different senior interventional neuroradiologists (C.M., S.S., and A.R.),  retrospectively evaluated whether draining veins were dilated or non-dilated. Those neuroradiologists were alsowho retrospectively and blinded to the outcome, and checked the angiographic images according tounder the following criterion: a dilated vein mustwould have had a diameter greater than two2 times that ofwith the corresponding vein on the contralateral side.
 Additionally, we classified the niduses of bAVMs into two groups: those that were 0–-3 cm in diameter and those larger than 3 cm in diameter. 	Comment by Author: The alternative plural of this word (“nidi”) is also acceptable.
Pediatric patients (those aged less than 18 years) wereas also selected for this studypublication. 
Patients with diagnosedis withof vein of Galen malformations, and dural arteriovenous fistulas were excluded. 



Outcome Assessments 

In all cases, the goal of the TVA was curative embolization of the bAVMs in all cases. In order to reduce the size of nidus, preparative arterial embolization was usually performed when possible., However, for this series, we present only outcomes and complications of the TVA sessions. 
Patients were examined by an interventional neuroradiologist expert, both before and after the procedures by an interventional neuroradiologist expert. An XpertCT scan (Philips Allura; Philips Medical Systems, Best, The Netherlands) or DynaCT scan (Artis Zee with Pure or Artis Q; Siemens Medical Solutions, Erlangen, Germany) was obtained immediately after each treatment session by the TVA session. As part of our protocol, a cranial magnetic resonance imaging (MRI)  was performed for all patients, 24 hours before and after embolization.
The modified Rankin scale (mRS) score was usedadministered preoperatively and at follow-up visits in a prospective fashion (at before discharge and at 6 months after treatment by the TVA). 
The primary outcome of this series was the frequencyrate of HCs, both intra-procedural and peri-procedural, with a up to 6- months of follow up. The secondary outcome was the rate of obliteration at 6 months after treatment by the TVA. The tertiary outcome was the existence of permanent neurological deficits at 6 months. An adverse outcome was defined as a new neurological deficit determinedassigned within 6 months  of embolization . 
Follow-up angiograms wereas performed at 6 months post-embolization. and Embolization was considered curative when a complete angiographic exclusion obliteration of the bAVM (obliteration of the nidus withand no evidence of early venous drainage) was demonstrated on an angiogram.
Follow-up data consideredcomprised all patients, including cases with incomplete endovascular therapy scheduled for additionalfurther sessions, and patients referred forto other treatment modalities owing to thegiven unsuitability of endovascular approaches. 


Treatment Criteria 

Endovascular management was performed applied for ruptured bAVMs, as well as bAVMs with high-risk features, such as intranidal aneurysms, high-flow shunts, and those bAVMs that presentinged with symptoms suggestive of steal phenomena. 
In most cases, the TVA was performed in combination with other arterial approaches for whichere the intent of intervention was endovascular cure or TVA alone, and in cases with unfeasibility of arterial embolization, including supply by tiny perforating arteries, “in passage” feeders, or no clear arterial pedicle. All the patients of this series hadunderwent treatment by the TVA in some time.
 Accordingly, for the majority of cases, our anatomic selection criteria to select for the TVA, in the majority of cases,  included a nidus diametersize less than 3 cm, and a single draining vein. However, by incorporating new techniques and image tools (syngo Dyna4D; Siemens Medical Solutions) we were able to expand our indications based on preprocedural analysis of the venous compartments. 	Comment by Author: Please verify this revision.


Technical Description 

All procedures were performed under general anesthesia with the patient heparinized. Neuromonitoring was conductedused in every case. All procedures were performed using a biplane angiography unit (Philips Allura; Philips Medical Systems or Artis Zee biplane; Siemens Healthcare). After performing eachan arteriogram, the road map function was used to access the internal jugular vein on the side of the lesion. A 6-F sheath was placed in the internal jugular vein, and a 6-F guiding catheter (Navien™TM, Covidien/ev3, Medtronic Inc, Dublin Ireland; Envoy R Cordis Neurovascular, Miami Lakes, Florida) was used to access the sinus and place the distal end of the catheter at originfunds of the main draining vein of the AVM’s main draining vein. A microcatheter (Marathon™TM/ Echelon™TM , Apollo Medtronic Inc) was advanced over a guidewire (0.08′′ Mirage™TM, Medtronic Inc/0.014′′, Traxcess ®R , MicroVention, Aliso Viejo, California) and the tip of the microcatheter was placed as close as possible to the nidus. 	Comment by Author: Please ensure the revised phrase retains your intended meaning.
Next, A microcatheter (Apollo™TM/ Marathon™TM , Medtronic Inc) was then placed into an arterial feeder, and a superselective angiogram was performed to obtain better visualization of the nidus without overlapping vascular structures. This maneuver also facilitatedassists to achieve determination of the optimal position of the venous catheter. After flushing the microcatheter with DMSO, ethylene-vinyl alcohol copolymer (Onyx®) was slowly injected, slowly, however, but at awith higher rate than that used for arterial injection. We allowedtolerate a reflux of 3 cm. OnAt the completion of the procedure, the microcatheter wais cut at the level of the jugular sheath. No furtheradditional anticoagulant therapy was administered. 

Arterial blood pressure was maintained at a maximum of 120×x80 mmHg after endovascular treatment or 20 mmhHg lower than baseline tension in previously hypertensive patients. After embolization, the patients were admitted to thetaken care of intensive care unit.


Statistical Analysis 

Statistical analysis was performed using the R®
 software®, version 3.6.1. (R Foundation for Statistical Computing, Vienna, Austria)  and the Microsoft Excel® software package for Mac®, 2019. Descriptive analysis was conductedmade to characterize the sample. Quantitative variables were expressed as the mean ± standard deviation (SD) and qualitative variables were expressed as frequency and percentage values. The normality of the data distribution was assessed using athe Q-Q plot.
 The Student’s t-test was applied to compare continuous variables, 
 when normality was determinedadmitted. In cases of rejection, the Mann–-Whitney test was used. TheWhile Fisher’s exact test  was used to compare qualitative data and frequencies of occurrence. A statistical significance level of 5% was used for all analysies. 
Multiple linear regression analysis was conducteddone to identify the independent predictors among the clinical-anatomical-demographic data for the HC findings. For this analysis, all variables were initially considered. The selection process was performed usingtook place through the a stepwise algorithm, in which thein R® Software® selects the set of variables that provides the lowest value of AIC the (Akaike information criterion) 11.2. The strength of the relationship between HCs and itheirs correlates was interpreted using odds ratios with a 95% confidence interval (CI). A, P-value < 0.05 in the final model was considered statistically significant. In addition, calibration of the model was established usingwith the Hosmer–-Lemeshow goodness-of-fit test, as well as the a calibration curve., and The discrimination ability of the model was assessed by receiver operating characteristic (ROC) curve analysis. 



Ethics 

The Institutional Review Board and Ethics Committee of our institution approved the study protocol and informed consents. All subjects (or legal guardians) signed an informed consent form. This study was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki, 2014)22 12 and the Uniform Requirements for Manuscripts Submitted to Biomedical Journals. 	Comment by Author: Although it is typical to state that the study was perfomed in accordance with the principles of the Declaration of Helsinki, this document is not typically included among the references, nor included as an in-text citation.
Please verify.

Results:RESULTS

A total of 57 consecutive patients undergoing treatment for bAVMs by the TVA for bAVMs were included. Among
Of these, 29 (50.9%) were male and 28 (49.1%) female. The age mean age of the sample wais 38.05 ± 18.09 years, ranging from 9 to 78 years. Evidence of previous rupture and bleeding was observed in 38 patients (66.6%). The Patients were classified according to Spetzler–-Martin Score as follows: I, five patients5 (8.8%);, II, 18 patients (31.6%);, III, 23 patients (40.4%);, IV, 10 patients (17.5%); and V, just one patient (1.7%) .
Of the 57 AVMs treated, 37 (64.9%) had just one1 venous collector, 18 (31.6%) hadwith two2 venous collectors, and two2 (3.5%) hadwith three3 venous collectors. AmongIn theis sample of 57 patients, the lesion was located in the left hemisphere of 21 patients (37%) were located in the left hemisphere, the 15(26.5%) right cerebral hemisphere of 15 patients (26.5%), the 1(1.5%) corpus callosum of one patient (1.5%), the thalamus of six6 patients (10.5%) thalamus, the 3(5%) mesencephalon of three patients (5%), 1(1.5%) the commissureal of one patient (1.5%), 5(9%) in the striatum of five patients (9%), and 5(9%) in the cerebellum of five patients (9%). The Nidus nidus location was deep  in 16 (28%) AVMs. The anatomical variables are summarized in Table 1. 
All patients analyzed were embolized by the TVA, consistentlyalways with a curative intent. Dur and ing the last sessions, in our service we usually performed previous arterial embolization aimeding ato reducinge the size of the nidus. A total of  Those 31 patients (55%) who werehad treated in just one session was 31(55%); 16 (28.5%) were treated, in two2 sessions 16 (28.5%);, four (7%) were treated in three3 sessions 4 (7%);, two (3%) were treated in four4 sessions; 2 (3%), three (5%) were treated in five5 sessions, 3 (5%) and just one patient (1.5%) was treated in six6 sessions. In 17 (29.8%) patients, the we used TVA was used exclusively, and in 40 patients, it was used inthe combination with the arterial approach was used (either duringat the same session or in previous sessions). 	Comment by Author: Please ensure the revised sentence conveys your intended meaning.
The pressure cooker technique was performed on 17 (29.8%) patients., and An arterial balloon, aimeding at obstructing and controllblocking flow at thecontrol for nidus, and facilitating the progression of embolic liquid through the vein, was used in 14 (24.5%) patients.
A 4-vessel control digital subtraction angiogramDSA was obtained in all patients. The anatomic cure rate was documented in 52 (91.2%) bAVMs, and after observing the Spetzler–-Martin Score groups I, II, and III, we noticed total occlusion in 100% of the cases of total occlusion.



Table 1. Anatomical variables of patients undergoing TVA for bAVMs	Comment by Author: Before submission to the journal, please ensure the following author guidelines are observed:
Tables should be grouped into one file with each table on its own page; do not submit tables as separate files or as part of the manuscript file.
	Variables
	Patients
(n = 57)

	AVM location
Cortical (lobar or cerebellum)
Deep (brain stem, thalamus, or basal ganglia)
	
41 (72%)
16 (28.0%)

	Nidus diameter (original size) (mean ± SD), cm
	2.91 ± 1.26

	Nidus diameter before treatment by the TVA (mean ± SD), cm
	2.44 ± 0.99

	Dilated vein
Evaluator 1
Evaluator 2
Evaluator 3
	
24 (42.1%)
28 (49.1%)
36 (63.1%)

	Pattern of venous drainage 
Superficial
Deep
Superficial and deep
	
25 (43.9%)
28 (49.1%)
4 (7.0%)

	Venous collector (number)
1
2
3
	
37 (64.9%)
18 (31.6%)
2 (3.5%)


bAVM = brain arteriovenous malformation; cm = centimeters; SD = standard deviation; TVA = transvenous approach.



Outcomes and Hemorrhagic Complications 

According to our institutional protocol, all patients had a clinical and an angiographic evaluation 6 months after embolization.
 We recorded 10 bleeding complications. Nevertheless, One of thoese patients had a subarachnoid hemorrhage due to intracranial dissection during arterial access in thea combined approach; thus, so this patient was excluded. And, another one patient had perforation of the draining cortical drainage vein during micronavigation, but without any clinical consequences;, this patient was also excluded from analysis of the total HCs.
Thuserefore, we analyzed a totaled of eight (14.0%) symptomatic  HCs with the TVA, which were either intra-procedurale or peri-procedural in TVA.  Three patients had intra-procedural HCs;, three patients had HCs within 24 hours of the procedure;, one patient, within 48 hours; and one patient, within 96 hours. No patient showead any complications after this period. 
Only two (3.5%) patients had unfavorable outcomes (mRS > 2) during follow-up at 6 months of follow-up. One of thoise patients was Spetzler–Martin grade (SMG) III, and thean other was SMG IV. In the Table 2, we summarize the functional outcome status of these patients. Procedure-related mortality was 0%. 
Concerning the neuroimaging findings, of the eight patients,: three3 presented peri-nidal hematoma exclusively;, three3 had a hematoma with a hemoventricle;, one patient hadwith cortical subarachnoid hemorrhage; and one patient hadwith hemoventricular hemorrhage.
 During the follow-up period, no recurrence was noted among the treatcured patients during the follow-up period.


Table 2. Functional outcome status ofthe patients with hemorrhagic complications
	Patient
	mRS before treatment
	mRS before discharge
	6- month follow-ups mRS

	1
	0
	0
	0

	2
	0
	1
	N/A

	3
	0
	0
	0

	4
	1
	4
	3

	5
	0
	3
	2

	6
	1
	2
	1

	7
	0
	4
	4

	8
	0
	2
	1


mRS = modified Rankin Scale; N/A = not applicable.


Univariate and Multivariate Analyses

Tables 3, 4, and 5 show the univariate and multivariate analyses performedin order to identify the independent predictors among the clinical, anatomical, demographic, and technical aspects of the TVA data for the verified HC verified.
 In univariate analysis, we noted statistically significant associations between HC findings and: the number of venous collectors, nidus diameter before any intervention, as well as nidus diameter immediately before treatment by the TVA. No other significant associations were observed.
[bookmark: _Hlk30764159]In the multiple linear regression analysis (Table 5), only the number of venous collectors stillremained showed an associationed with HCs (P = 0.,006160). When calculating The exponential coefficient of the number of venous collectors variable wase have the value 8.72, which representeds the odds ratio. This means that the existence offor one more venous collector couldunit of this variable, the chance of HC increases the chance of HCs by approximately 8.7 times (95% confidence interval, = 2.2 –to 58.2).
The Hosmer–-Lemeshow goodness-of-fit test, which was not statistically significant (P = 0.57), indicated that the predicted probability was inof high concordance withto the observed probability. A calibration curve is presentedshown in Figure 1. The area under the ROCreceiver operating characteristic curve was 0.768, with a 95% confidence interval. We selected the numerical value with the highest Youden’s index as our cutoff point for the predicted probability (cutoff for probability = 0.041 = 4.1%). The sensitivity and specificity were 75.0% and 71.4%, respectively. The negative and positive predictive values (NPV and PPV) were 70.0% and 5.4%, respectively. 	Comment by Author: Please verify whether you meant to specify the range of the confidence interval after this phrase.







Table 3. Univariate analysis showing the association between the findings on hemorrhagic complications findings and the clinical-anatomical-demographic variables of patients treated by the TransVenous Approach 

	Variable
	Wereas there hemorrhagic complications?


	
	No
N = 49
	Yes
N = 8
	 P

	Spetzler and Martin grading system
I, II, and III
IV and V
	
39 (68.5%)
10 (17.5%)
	
7
1
	1.0a

	Previous rupture 
No
Yes
	
16
33
	
3
5
	1.0a

	Sex
Female
Male
	
25
24
	
3
5
	0.70 a

	Mean age on admission (years) (SD) 
	37.1 (18.6)
	46.8 (13.6)
	0.16 b

	Number of venous collectors
Mean (SD)
	
1.2 (0.45)
	
2.0 (0.75)
	
0.003c

	Presence of dilated draininage vein 
Evaluator 1 = 24/57
	
18 (31.5%)
	
6 (10.5%)
	0.06 a

	Presence of dilated draininage vein 
Evaluator 2 = 28/57
	
22 (38.5%)
	
6 (10.5%)
	0.14 a



	Presence of dilated draininage vein 
Evaluator 3 = 36/57
	
30 (52.6%)
	
6 (10.5%)
	0.69 a

	Nidus diameter before any intervention, cm
mean (SD) 
	
2.74 (1.19)
	
3.88 (1.40)
	0.01 b

	Nidus diameter before TVA, cm
mean (SD)
	2.28 (0.92)
	3.37 (1.00)
	0.003 b

	Nidus diameter before TVA (2 groups)
0–-3cm
>3cm
	
38
11
	
3
5
	0.03a

	AVM location
Cortical (lobar or cerebellum)
Deep (brain stem, thalamus, or basal ganglia)
	
33
16
	
8
0
	0.09a


AVM = arteriovenous malformation; SD = standard deviation; cm = centimeter; TVA = transvenous approach
a Fisher’s exact test
b Student’s t-test 
c Mann–-Whitney test




Table 45. Univariate analysis showing the association between the hemorrhagic complications findings and the technical aspects variables of patients treated by the TransVenous Approach	Comment by Author: Please verify this revision.
	Variable
	Wereas there hemorrhagic complications?


	
	No
N = 49
	Yes
N = 8
	P

	Arterial balloon
Yes
No
	
11
38
	
3
5
	0.39a

	Number of embolization sessions, mean (SD)
	1.8 (1.2)
	1.8 (0.99)
	0.50 b

	Pressure cooker technique
Yes
No
	
15
34
	
2
6
	1.0a

	Total occlusion (angiographic cure)
Yes
No
	
44
5
	
8
0
	1.0a


SD = standard deviation; 
a Fisher’s exact test
b Mann–-Whitney test




Table 5. Multivariate logistic model with hemorrhagic complications as the binary endpoint 
	Variable
	OR
	95 % CI
	P- value

	Number of venous collectors (unitary increase) 

	8.72
	2.2 to 58.2
	0.0061*


Hosmer and Lemeshow goodness- of- fit test: chi-squared = 6.6, df = 8, and P-value = 0.57. OR= odds ratio.
* Significant at P-value < 0.05 in multi-variable logistic regression









[image: nelva_files/figure-docx/unnamed-chunk-70-1.png]	Comment by Author: Please note the following author guidelines regarding figures:
Acceptable formats include TIFF, JPEG, and GIF (GIF files are low resolution and should be used for peer­review submissions only). If saving as JPEG, ensure that compression has been set for maximum quality (minimal compression). Each figure should be submitted as a separate file, with the figure number as the file name (i.e. Fig1.jpg).
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Discussion:Discussion	Comment by Author: Please note the following author guidelines:
It is important in the Discussion section to use subheadings so that the reader can follow the authors’ train of thought.

Our studyeries confirms the theorya suspicion of those working inwith interventional neuroradiology that: the dreaded HCshemorrhagic complications with the TVA awere likely associated both with larger bAVMs, (especially those larger than 3 cm in diameter), and bAVMs with more than one venous collector, in TVA. ToIn our knowledgeview, this is the first publication with a specific focus on peri-procedural HCshemorrhagic complications in the TVA to bAVMs.
The angiographic cure rate using the TVA in the present studyour series has remained roughly the same since our last publication415 inof 2017. , bBoth studies reflectedwith cure rates above 90%, further reinforcing the effectiveness of this therapeutic modality for bAVM.
Our rates of Bleeding complications were observed in 14.0% of cases, andlthough unfavorable clinical outcomes (mRS > 2) at 6 months were quite moderatest (3.5%). 
In the medical literature, HCs and clinical outcomes vary widely, depending on the studyseries and treatment modality.	Comment by Author: Please ensure thiis phrase retains your intended meaning.
A literature review (Ching-Jenby Chen and colleagues)3 of 13 publications focused onabout the TVA for bAVM, with a total of 13 publications, (most of whichthem were case reports), yieldeding an overall complication rate of 4.3%. However, most of the 69 patients evaluated infrom thatis literature review3 13  were from our department. 154.	Comment by Author: Please verify this citation, based on the revised reference list.
In another study of series involving 408 patients treated with an arterial approach to embolization, the HC rates wasere 92 out of 827 procedures (11.1%), and 48those complications (5.8%) were unrelated to arterial perforation were 48 (5.8%).1 14.
 In oneA meta-analysis covering studies from 1990 to 2019, which included a total of 98 publications andwith 8009 patients, periprocedural hemorrhage was observedseen after 2.6% of the transarterial embolization procedures for bAVMs.21 7. Among theIn other therapeutic modalities such as microsurgery, early neurological deterioration was observedseen in 39.2% of the 288 patients evaluated, amongof which 12.2% had permanent, and 5.6% had both permanent and significant deficits, in a series of 288 patients.20 15.
Given the high rate of angiographic cure in TVA embolization, a better understanding of HCs may facilitatehelp improveda better patient selection. In Thusthis sense, we chose to performconduct our univariate and multivariate analyszes only of with HCs that were only unrelated to access perforation., Therefore, we excluded two2 patients who presented with bleeding during micronavigation.
In our univariate analysis, patients with a larger nidus (as either before any intervention or,  as immediately before application of the TVA) had a significantly higher number ofmore HCs. In our view, larger bAVMs (> 3cm) bAVMs are more likely to have HCs, according toby the following three hypotheses. A greater likelihood of a small hidden nidal remnant remaining (although all eight8 patients had angiographic exclusion, i.e., the absence of early venous drainage, it is easier in cases with a large nidus, the existence to fall in the pitfalls by the of a large cast of embolic liquid overlapping the nidal remnant was more probable) . 
We also hypothesized greater difficulty in achievingfor complete distal occlusion of all arterial pedicles in cases with a large nidus cases. Another possible reason, widely discussed in the literature and not yet fully understood, is the phenomenon referred to ascalled delayed postoperative hemorrhage (DPH). After embolization sessions, although theour patients in the present study following embolization sessions followed a strict blood pressure control protocol in an intensive care unit, we couldan not guarantee whetherthat somea portion of these patients experienced DPHL. ThisIt is a condition of impaired cerebral vasoreactivity of the perinidal tissues, leading to edema, and in some cases hemorrhage, after exclusion of the artery-vein shunt. 16, 17,18.	Comment by Author: As this was abbreviated just once thorughout the manuscript, the definition alone is adequate.	Comment by Author: Please verify this reivsion, which seemed more likely in this context.
Therefore, these results emphasize the necessity, whenever possible, for an initially arterial approach, in order to reduce the size of the nidus size. This is common practice in our department, especially for bAVMs larger than 3 cm.
Another variable that showedwas statistically significancet with HCs in the present study was the number of venous collectors in both univariate and multivariate analyseis. The risk of HCs increased by 8.7- fold for each additional venous collector unit (P = 0.0061).
[bookmark: _Hlk30879789] Indeed, thiese results "partially pull down" the initial theory of the creators of the TVA technique, which wasinitially demonstrated by Massoud & Hademenos12 in animals. Those researchers stated: by Massoud & Hademenos, 1999: “these veins would act, in effect, as a safety valve to decompress the nidus in the event that the cumulative intranidal pressure becomes too high (e.g., by an excessive retrograde injection pressure in the face of insufficient arterial hypotension). ” 112.
Our hypothesis is that in when there isthe presence of more than one venous collector, retrograded injection may induce occlusion of the other drainage veins without the nidus being completely filled. This can then, leading to increased intranidal pressure, rupture, and HCs. This hwas been well demonstrated in Baharvahdat and colleagues's1 publication onabout HCs in arterial approach embolization, in which early venous occlusion was significantly correlated significantly with HCs. 14.
In addition to the reasons already mentioned, other hypotheses about non-access perforation HCs associated with bAVMs, described in the literature includefor bAVMs are: progressive venous congestion due to a slow flow slowing and thrombosis, and inflammatory reactions or mural necrosis induced by the embolic liquid. 1,7,9,1918, 10, 9, 14 .
For the TVA, our years of practice have showntaught us that the best option for microcatheter removal is to cut it at the level of venipuncture, therebyus avoiding unnecessary traction of fragile veins and an embolic material cast. Nevertheless,Although we can not concludedeclare that alternativethe lack of this techniques may lead tohas participated in our HCs, because in all our such cases of HC, cutting of the microcatheterthis was done routinely performed at the level of venipuncture.
When comparing our clinical outcomes with those of other bAVM embolization studies, only 3.5% of our patients had poor outcomes (mRS > 2), and none procedure-related deaths were observed. In another series studies of thewith arterial approaches, we observedfound persistent symptoms ​​after embolization, ranging from 3.8% to 14% of all cases.8,9,13 10, 19, 20. We believe that immediately after the procedure, neuroimaging was essential to evaluatefor all of outcomes, in addition toas well as intensive care unit and neurosurgicalery decompression when necessary.6,7 21, 18.
In summary, to our knowledge, this is the largest studyeries of the TVA for bAVMs., and We achieved a complete occlusion rate (angiographic cure) of 91.2% with embolization alone. In the Spetzler-–Martin Scores I, II (usually considered as candidates for surgery), and III subgroups, our cure rate was 100%, with low morbidity (2.1%) and mortality (0%) rates. These results are, which is at least less as good as, and in some cases, much better than as the surgical results, if not much better than in some series.16 22.
Finally, There are limitations in our study that shouldneed to be considered. First, the assessed groups under evaluation were relatively small, precluding subsets analysis, e.g., of the technical aspects (Table 5), or obviously not showing no evidence of statistical significance. Second, although our data hads been collected prospectively, data the analysis of data hads been conducteddone retrospectively. The angiographic follow-up perioddate wasere relatively short and a longer durationfollow-up date would have promotedgiven greater confidence in assessing anatomic obliteration. FurthermoreAnd last, our study has other limitations that are common to cohort studies.	Comment by Author: Please consider briefly listing a few of these for greater clarity.
Nevertheless, our study provides adequateenough data to encourage support the use of the TVA in patients with bAVMs, especially in cases with single venous drainage and niduses  less than 3 cm. The present studyIt also provides sufficient data that may facilitatein part help to the prevention of HCs. We demonstrated that such as: whenever possible, reduce the size of the bAVM should be reduced with prior arterial approach embolization;, and when TVA is dulywell indicated, don't mind dilated veins should not deter the procedure;, however, take into account the number of venous collectors must be considered.





Conclusions:Conclusion

The HCsemorrhagic complications are the most challengingfeared and severeious adverse events, which  may occur during endovascular treatments. The TVA is a very effective and relatively safe therapeutic modality forto bAVMs. The presentOur study showeds that the number of venous collectors is an independent predictive factor of HCshemorrhagic complications. Attention toImportant considerations, such as  the diameter of the nidus, as well any: previous attempts by the arterial approach to reduce it, could facilitate a reduction decreasein the incidence of such adversethese events.	Comment by Author: If you are referring specifically to “HCs,” you should state so plainly, for greater clarity.
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