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Extracranial arteriovenous malformations: a 10-year experience at a German vascular anomaly center and evaluation of diagnostic imaging for endovascular therapy assessment
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Background: Arteriovenous malformations (AVMs) account for <3% of vascular anomalies. This study aims to present the 10-year experience of a German vascular anomaly center (VAC) with AVMs and evaluate diagnostic imaging for treatment-relevant information for minimally invasive therapy planning.

Material and methods: A retrospective study including patients from the VAC database with AVMs was conducted. Clinical information from patients' records was evaluated. An additional image reading analysis of the available diagnostic imaging using a 4-point Likert scale, focusing on relevant points for minimally invasive treatment planning, was conducted in 13 patients who had all three magnetic resonance tomography (MRI), computed tomography (CT), and conventional angiography available.

Results: Between April 2014 and March 2024, 60 patients (60% female, 40% male; 12% Parkes Weber syndrome) with AVMs presented to the VAC. The median age was 36 years (range: 11–78 years). Referral diagnosis was correct in 73.3% of cases. The mean distance to the VAC was 102.5 km (±111.0). The most common locations involved the hand (32%), lower extremity (22%), and pelvis (22%). The most common symptoms were pain (81%), pulsation (64%), and local hyperthermia (62%). Necrosis was significantly more common when the AVM was located in the hand (p = 0.0129) and growth when located in the pelvis (p = 0.0037). Furthermore, cosmetic issues were significantly more frequent when the AVM was located in the head area (p = 0.0333). Most patients presented with Schobinger stage II (57%). Right heart strain was only documented in one case. A total of 47% had undergone invasive therapies before VAC admission. In 30% of cases, further minimally invasive or invasive therapy was required. In the diagnostic imaging evaluation, conventional angiography had the overall best ratings for image quality (median = 1.00; range: 1.00–2.00), NIDUS evaluation median = 1.00; range: 1.00–2.00), and therapy planning (median = 1.00; range: 1.00–1.33).

Conclusion: Our 10-year experience showed that in patients with AVMs, the correct diagnosis is often made before admission to a specialized VAC. Diagnostic imaging is essential for endovascular treatment planning, with conventional angiography showing superior utility in image quality, NIDUS evaluation, and therapy planning compared to other modalities.
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Introduction

Arteriovenous malformations (AVMs) are a subtype of vascular malformations, accounting for < 3% of vascular malformations, and are characterized by their fast-flow dynamics due to a direct connection between high-pressure arteries and low-pressure veins (nidus), inducing extensive shunting and shunt related symptoms (1–3). They can occur in simple forms or in combination with other anomalies, such as Parkes-Weber syndrome, which is defined by the presence of an AVM with multiple microfistulae, capillary malformation, and limb overgrowth (1).1 They are already present at birth but grow and likely progress with the patient's age (4). Puberty, trauma, and pregnancy in women may be associated with exacerbation risk (1, 5–7). Clinically, they can be categorized using Schobinger stages. Local cutaneous blush and warmth define Stage I. Bruit, pulsation, and growth of the AVM can be seen in Stage II, while pain, ulceration or necrosis, and bleeding define Stage III. Stage IV is characterized by decompensation and heart failure (5) (Table 1). Diagnostics are based on clinical features and imaging tools, including ultrasound (US), especially color Doppler examination, magnetic resonance imaging (MRI), computed tomography (CT), and digital subtraction angiography (DSA) (8, 9). Because of treatment complexity, only symptomatic AVMs with Schobinger stages III and IV, or stage II if well-localized, should be considered for non-conservative treatment (5). Conservative treatment options vary depending on the location of the AVM and include watch-and-wait, compression garments, and pain medication. Minimally invasive and invasive treatment indications should always be discussed in an interdisciplinary team (10) and treatment path should be chosen depending on the stage of the AVM and the patient's symptoms.


TABLE 1 Schobinger classification of arteriovenous malformations.

[image: Table 1]

Occlusion of the NIDUS is the mainstay of treatment and therefore the evaluation of flow and shunt dynamics and configuration of the NIDUS are essential information provided by diagnostic imaging.

This study aims to share a 10-year experience of a German vascular anomaly center (VAC) in the management of AVMs and evaluate imaging modalities for appropriate assessment of required minimally invasive therapy.



Methods

We conducted a retrospective single-center study including patients with an arteriovenous malformation to evaluate the clinical presentation, imaging differences as well as therapy indication, and outcome from a 10-year-experience period database of a German VAC. Information regarding demographics, referral, and therapy for all vascular anomalies in this VAC, including 49 AVMs, from 2014 to 2021 has been published elsewhere (11). However, the research question addressed in our current study differs from the one mentioned, and therefore also the specific analyses. We also obtained ethical approval from the local ethics committee. Patients with arteriovenous malformations who presented to the VAC since its initiation in April 2014 to March 2024 were included. Data were collected from electronic medical records and from information provided by the patient regarding their medical history during the VAC consultation. Furthermore, four available imaging modalities (US, MRI, CT, and DSA) were individually documented for each patient.

According to their age at first presentation to the VAC, patients were categorized into the following age groups: infants (0–12 months), toddlers (1–4 years), children (5–13 years), juveniles (14–17 years), and adults (over 18 years). The straight-line distance from patients' residences to the VAC, along with the correlation between referral diagnoses and final diagnoses, was evaluated. Information on referring clinics and medical specialization was collected. Localization of the AVM was categorized into the following anatomical regions: hand, upper extremity, foot, lower extremity, pelvis, abdomen, chest, neck, and extracranial head region. Intracranial and cerebral AVMs are entirely managed by the Department of Neuroradiology and Clinic for Neurosurgery at our university hospital, not by the VAC; therefore, we had to explicitly exclude them. At the time of initial consultation, symptoms were evaluated using the recorded information, and Schobinger classification (5) was complemented with the documented information on symptoms and clinical appearance in the VAC reports. Pain intensity was documented using a 0–10 numeric scale for adults with a minimum of 0 and a maximum of 10, and a visual analog scale for children. Diagnostics and therapies before and after the VAC, as well as the outcome at last contact, were evaluated.

Evaluation of imaging criteria was performed in cases where all three modalities (CT, MRI, and transarterial angiography) were available for each patient. The availability of ultrasound was not an inclusion criterion. Imaging modalities were independently analyzed by a senior radiologist with over 15 years of experience in vascular anomalies (reader 1), a radiologist without specific knowledge of vascular anomalies (reader 2), and a radiology resident with at least 3 years of experience in vascular anomalies (reader 3). Furthermore, all readers had different experience levels in interventional radiology. The following aspects using a 4-point Likert scale (1 = well-assessable, 2 = moderately well-assessable, 3 = poorly assessable, and 4 = not assessable or no images available) were evaluated:

- Image quality regarding the AVM

- Assessability of the AVM nidus

- Assessability of tissue involvement and precise AVM localization

- Assessability of AVM volume

- Image information value for minimally invasive treatment planning


Statistical analysis

All statistical calculations were performed using SAS software, release 9.4 (SAS Institute Inc., Cary, North Carolina, USA). For quantitative variables, mean values and ranges were calculated. For qualitative factors, absolute and relative frequencies were given.

Fisher's exact test was applied to test the association between two binary factors. To compare multiple imaging modalities based on readers' assessments, several Kruskal–Wallis tests were conducted. If the result of a Kruskal–Wallis test was statistically significant, pairwise comparisons were performed using the Wilcoxon two-sample tests. Because of the rather small sample sizes, Bonferroni correction was not applied. In general, test results with p-values < 0.05 were considered statistically significant.




Results


Demographics

From April 2014 to March 2024, a total of 905 patients presented to the VAC. Sixty patients were diagnosed with an arteriovenous malformation, of which seven (12%) patients had Parkes-Weber syndrome. Thirty-six (60%) were female patients and 24 (40%) were male patients. Median age was 36 years (range: 11–78 years) with 53 (88%) adults, 3 (5%) juveniles, and 4 (7%) children. There were no infants or toddlers diagnosed with a congenital arteriovenous malformation. Referral diagnosis was correct in 44 (73%) patients, and 9 (15%) patients presented with incorrect diagnosis. Most referrals were from external clinics (20 patients, 34%), with vascular surgeons being the primary referrers (nine patients, 39%). The main on-campus referrer was dermatology (five patients, 46%). Sixteen (27%) patients were self-admitted without direct referral. Eleven (19%) patients had only one physician's appointment regarding their vascular malformation prior to consultation at the VAC. The median distance from the place of patients' residence to the VAC was 102.5 km (±111.0), with 28 (47%) patients living in the same state, 25 (42%) in the neighboring states, and 7 (12%) in other states of Germany (Table 2).


TABLE 2 Demographic characteristics.
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Spectrum of symptoms

Symptoms at the time of initial presentation to the VAC were recorded. Only two patients (3%) were asymptomatic. Regarding the clinical presentation, most patients presented with Schobinger stage II (34 patients, 57%) and stage III (10 patients, 17%), whereas stage I (six patients, 10%), I–II (two patients, 3%), II–III (three patients, 5%), III–IV (three patients, 5%), and stage IV (two patients, 3%) were rare. Where overlapping stages were documented in the available records, these were adopted as valid. In symptomatic patients, the following symptoms were recorded: the most common symptom overall was pain in 47 (81%) patients, followed by pulsation (37 patients, 64%) and local hyperthermia (36 patients, 62%). Functional impairment and progression of the AVM were also very common, with 42% (24 patients) and 40% (21 patients), respectively. Eleven patients (19%) reported sensory impairment. Ulceration and tissue necrosis were recorded less often, only in nine (15%) and six (10%) patients, respectively. Furthermore, local bleeding of the AVM was rare (seven patients, 12%). An explicit cosmetic issue was documented in five (9%) patients. There was only one recorded case (2%) of cardiac failure associated with the AVM. Figure 1 gives an overview of clinical symptoms. Further reported symptoms in one individual case after previous upper limb amputation were motoric dysfunction and recurring headaches due to asymmetrical weight distribution.


[image: Figure 1]
FIGURE 1
 Frequency of documented clinical symptoms at initial presentation to our vascular anomaly center (VAC).


Forty-four patients specified their pain intensity at the time of first consultation on a numeric pain scale, with the majority indicating a pain intensity of five and four on a scale with a maximum of ten (13 and 12%, respectively) (Figure 2).


[image: Figure 2]
FIGURE 2
 Documented pain intensity at initial consultation in our vascular anomaly center (VAC) on a numeric pain scale.


We conducted a subgroup analysis to compare symptom frequency based on AVM localization, with a particular focus on motoric impairment. Although there was no significant difference in the frequency of motoric impairment in comparison to the AVM location (p = 0.4776), we observed significantly higher rates of necrosis in patients with AVMs located on the hand (p = 0.0129) and recorded growth for AVMs located in the pelvis (p = 0.0037). Furthermore, patients who primarily reported cosmetic issues were significantly more likely to have AVMs located in the head area (p = 0.0333).

We also evaluated differences in symptoms comparing AVMs and Parkes-Weber syndrome. Statistical analyses showed no differences in the frequency of pain or pain intensity, local hyperthermia, motoric or sensory impairment, bleeding incidences, ulcerations or necrosis, or cosmetic issues. The only significant difference was the frequency of pulsation (p = 0.0003), where no documented pulsation was found in patients with Parkes-Weber syndrome. Furthermore, none of the patients with Parkes-Weber syndrome had documented right heart insufficiency or heart failure.



Malformation characteristics

The AVM was mostly located in the hand affecting 19 patients (32%). This was followed by the lower extremities and pelvis, each involving 13 patients (22% each). The foot was affected in 12 patients (20%), the upper extremities in six patients (10%), the head (extracerebral) in four patients (7%), and the abdomen in three patients (5%). There were no AVMs located on the chest or neck (Figure 3). In 57 patients (95%), the AVMs only involved one location; segment-overlapping locations were rare.


[image: Figure 3]
FIGURE 3
 Frequency of the anatomical regions involved by the arteriovenous malformation.




Diagnostics

A median of 1 (range: 0–4) imaging modalities were already performed before admission to the VAC. 44 (73%) patients had undergone MRI imaging, 24 (40%) transarterial angiography, followed by 9 (15%) confirmable ultrasounds, 7 (12%) CT scans, 4 (7%) conventional x-rays, and 2 (3%) phlebographies. In 28 (47%) cases, imaging was sufficient. In the VAC, we performed ultrasound in 34 (57%) patients, CT in 20 (33%), MRI in 17 (28%) patients, and diagnostic transarterial angiographies in 18 (30%) patients. Conventional phlebography was performed significantly less frequently, with only three (5%) documented cases (Figure 4). The median number of imaging modalities in the VAC was 1 (range: 1–5).


[image: Figure 4]
FIGURE 4
 Documented diagnostic imaging per patient before and after admission to our vascular anomaly center (VAC). US, ultrasound; CT, computed tomography; MRI, magnetic resonance imaging; DSA, digital subtraction angiography.




Comparison of diagnostic imaging modalities

Out of a total of 60 patients, 13 (22%) underwent all three imaging modalities (MRI, CT, and DSA), and the examinations were available in our imaging database. Of these 13 patients, six patients also had at least 1 US to evaluate. Average reader assessment of the four imaging modalities showed a generally poor rating for the US in all evaluated aspects. In the category of image quality, DSA showed the best average rating (median = 1.00; range 1.00–2.00). In the category of tissue involvement, MRI (median = 1.33; range 1.00–2.33) and CT (median = 1.33; range 1.00–2.00) were similarly well-rated. For NIDUS evaluation (median = 1.00; range 1.00–2.00) and therapy planning (median = 1.00; range 1.00–1.33), DSA received the best rating. For volume assessment, MRI received the best rating (median = 1.33; range 1.00–3.00), closely followed by CT (median = 1.67; range 1.00–2.33) and DSA (median = 1.67; range 1.00–3.00). When the US is included in the statistical analysis for reader assessment, significant differences are observed in all categories due to the uniformly poor rating of the US in the overall reader assessment. After excluding the US and only comparing MRI, CT, and DSA, significant differences in the reader's assessment could still be shown in the categories for tissue involvement (p < 0.0001), NIDUS evaluation (p = 0.0003), and therapy planning (p < 0.0001).

For each of these three categories, pairwise comparisons were performed. Rating for tissue involvement showed a significant difference when comparing DSA to MRI (p < 0.0001) and CT (p < 0.0001) independently, but not when comparing MRI and CT (p = 0.6316). Similar results were shown for NIDUS evaluation: DSA vs, MRI (p = 0.0002), DSA vs, CT (p = 0.0126), and MRI vs, CT (p = 0.0505). Furthermore, for therapy planning: DSA vs, MRI (p < 0.0001), DSA vs. CT (p = 0.0201), but with a significant difference comparing MRI to CT (p = 0.0030), with a better rating for CT.



Therapies

Before admission to the VAC, 28 (47%) patients underwent invasive therapy, of which eight patients underwent more than one therapeutic method: 16 surgeries (27%), 14 (23%) transarterial embolizations, 4 (7%) percutaneous sclerotherapies, one laser therapy, and one transarterial stent implantation. Ten patients (17%) were provided with compression garments, and in three (5%) cases, oral anticoagulation was prescribed.

After admission to the VAC, 18 (30%) patients indicated invasive or minimally invasive therapy. A total of 14 (23%) transarterial embolizations were performed, with three (5%) cases receiving complementary percutaneous sclerotherapy and one case (2%) receiving only percutaneous sclerotherapy in a patient with Parkes-Weber syndrome. Postinterventional surgical resection was performed in three (21%) out of 14 patients, with only one patient requiring primary resection without prior transcatheter embolization. Conservative therapies, including compression garments and oral anticoagulation, were indicated in 14 (23%) and 4 (12%) cases, respectively (Figure 5). Overall, 1–3 embolization sessions per patient were performed in the VAC.
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FIGURE 5
 Documented therapies (conservative, minimally invasive, and invasive) before and after admission to our vascular anomaly center (VAC).


Subgroup analyses showed no significant difference in frequency comparing non-invasive vs. invasive or minimally invasive in regard to Schobinger classification or AVM localization.

After minimally invasive or surgical interventions in the VAC, 7 (39%) periinterventional complications occurred: 3 (43%) cases of delayed wound healing, 2 (29%) cases of nerve irritation, 1 (14%) case of non-target embolization, and 1 (14%) case of non-treatment-related complications. Overall, the complication rate was 39%. The median number of per-person appointments in the VAC was 2 (range: 1–8). At the time of the last consultation, 15 (25%) patients were free of symptoms with or without invasive/minimal-invasive therapy, 20 (33%) patients were categorized as “consistency of symptoms” or “symptom progression”, and 17 (28%) patients were lost to follow-up after only one appointment.




Discussion

The aim of this study was to present a 10-year experience of a German VAC with AVMs and to evaluate the diagnostic imaging for treatment-relevant information.

Patients with AVMs presenting at our VAC were, on average, older than patients with other vascular malformations (12). This correlates with other studies showing that AVMs tend to be treated later in life, mostly during adolescence or adulthood (13–15). Furthermore, there is a slight predominance of female patients, which is similar to other studies (13, 15–17); however, no sex predilection has been reported for sporadic AVMs (7). The referral diagnosis was accurate in 73% of cases (44 patients), which contrasts with a collective that includes all vascular malformations. Strubing et al. report a correct referral rate of only 44% (11). In a study by Greene et al., correct referral diagnosis for vascular malformations overall was 46%. Arteriovenous malformations have been diagnosed correctly in 59%, venous malformations only in in 31% (18). This may be due to the fact that AVMs with their fast-flow characteristics, especially on Doppler ultrasound, are easier to diagnose than slow-flow malformations.

The most reported symptoms in our patients were pain, pulsation, and local hyperthermia, whereas bleeding, ulceration, or necrosis was less common, and especially right heart failure was seldom (Figure 1). Motoric impairment in our patients was often due to pain or difference in extremity length. On the other hand, patients with Parkes-Weber syndrome in our cohort did not report or show pulsation at the AVM location in comparison to classic AVMs. In our patient group, there was a significantly higher rate of necrosis for hand AVMs. Furthermore, growth of the AVM when located in the pelvis and cosmetic issues related to AVMs in the extracranial head area were observed significantly more often.

Comparing the AVM localization to other studies, our cohort showed a similar distribution pattern in extracranial AVMs, with the upper and lower extremities being involved more often than the abdomen and chest (Figure 3) (15).

Surgical resection may be considered in localized and well-defined AVMs (10, 19, 20), where resection with or without prior embolization has shown a lower recurrence rate (19). Transarterial embolization can be performed preoperatively to reduce blood loss in large or diffuse AVMs, in those with involvement of vital structures, or in those not feasible for resection (10, 19, 21). In our cohort, 70% of patients (n = 42) were managed conservatively. In those with indications for minimally invasive or invasive therapy, 14 (23%) patients underwent embolization, with three of these patients subsequently undergoing surgical cast resection. Only one patient underwent primary surgery. The overall complication rate was comparable to other studies (22–24), although it varies depending on factors such as embolic agent, AVM localization, and extent (20).

Regarding diagnostic imaging, ultrasound was relevant for initial diagnostics and potentially during interventions of AVMs. However, unlike in slow-flow malformations, ultrasound is not suitable for evaluating the extent of the AVM or sufficient for therapy planning (25). MR-angiography, dynamic CT angiography, and angiography are important tools for treatment planning (10, 21, 26). When comparing MRI and CT regarding their provided information for therapy planning, MRI was more susceptible to motion artifacts, whereas CT, due to faster image acquisition, was less so. Both MRI and CT were limited in their diagnostic utility in previously treated patients due to artifacts from embolization materials. In these cases, catheter angiography provides better information regarding residual perfusion and available access routes to the NIDUS (Figure 6). Furthermore, both CT and MRI can be limited in assessing shunt dynamics and, consequently, in evaluating access routes to the NIDUS (transarterial, transvenous, and percutaneous) due to early shunting and therefore venous overlay (Figure 7). In our VAC, we decided to perform CT scans, especially in those patients who were unable to tolerate lying in the scanner for the duration of an MRI examination, either because of clinical impairment, claustrophobia, or refusal of sedation. In our analysis, three radiologists voted DSA as the best imaging modality to evaluate information on NIDUS localization and configuration. Thus, conventional angiography remains superior to MRI and CT for these evaluations. Because of its invasiveness, catheter angiography should be performed in cases where therapy is indicated, but not as a primary diagnostic tool (12). Many papers with descriptive information on diagnostic imaging in vascular malformations can be found (8, 10, 25, 27), but for extracranial AVMs, papers with the evaluation of imaging modalities regarding their provided information for treatment planning are rare.


[image: Figure 6]
FIGURE 6
 Diagnostic computed tomography (CT, A, B) and magnetic resonance tomography (MRI, C) of an adult patient with an arteriovenous malformation (AVM) of the left lower extremity after embolization with artifacts on CT and MRI. Pre-embolization digital subtraction angiography (DSA, D) shows an extensive AVM with dominant outflow veins and coil material after coil embolization before admission to the vascular anomaly center (VAC).



[image: Figure 7]
FIGURE 7
 Imaging of an adult patient with an arteriovenous malformation of the right thumb. (A, B) Magnetic resonance imaging (MRI) shows a dilated vessel with flow voids on a T1 fat-saturated image after intravenous contrast agent admission (A), and a vessel convolute involves the thumb area on a time-resolved angiography with interleaved stochastic trajectories (TWIST) MR angiography with already venous contrast due to the shunt volume (B). (C) Digital subtraction angiography after arterial cubital puncture shows less arterial component than suspected on MRI. (D) Clinical photo of the patient's thumb. (E) Color Doppler ultrasound image demonstrates arterialized flow. (F) DSA after percutaneous embolization demonstrates devascularization of the AVM and earlier arterial perfusion of the palmar arch and the index finger.


The following limitations to this study must be considered: it is a retrospective database analysis, and over the past 10 years, multiple staff members have updated the database, which may have introduced potential inconsistencies. Furthermore, the relatively small patient size limits the statistical analyses. Additionally, a significant limitation concerns the diagnostic imaging prior to the initial patient's admission to our VAC. Many imaging studies were not documented, patients no longer had CDs with their images, or the images had been deleted from internal archives. Another limitation concerns the CT imaging evaluation we performed. There is an inconsistency in the way the CT scans were performed. Some scans were performed as dynamic or perfusion imaging with better NIDUS assessment, and others were monophasic or biphasic imaging studies, where dynamic behavior and therefore NIDUS assessment were limited.



Conclusion

In summary, most patients with extracranial AVMs either present with or develop symptoms throughout their lives. The most common symptoms include pain, pulsation, and local hyperthermia. Additionally, motoric impairments are frequently observed, often due to pain and the size or location of the AVM. In our cohort, ulcerations and necrosis are uncommon but occur more frequently when the AVM is located in the hand. Right heart strain and eventual heart failure are quite rare.

Diagnostic imaging is essential for diagnosis and therapy planning. While the US is primarily relevant for confirming the diagnosis and cross-sectional imaging modalities are crucial for precise localization and depth assessment, our evaluation demonstrated that conventional angiography remains the superior method for therapy planning, access route determination, and NIDUS evaluation. Therefore, angiography should be performed prior to embolization procedures for treatment planning.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Ethik-Kommission II der Universität Heidelberg (Med. Fakultät Mannheim). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

NW: Writing – original draft, Data curation. JL: Writing – original draft, Data curation. CW: Writing – original draft, Formal analysis. FS: Writing – review & editing. SS: Writing – review & editing, Supervision. MS: Writing – original draft, Data curation.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1ISSVA Classification of Vascular Anomalies ©2018 International Society for the Study of Vascular Anomalies. Available at: http://issva.org/classification.



References

 1. Mulliken JB, Fishman SJ, Burrows PE. Vascular anomalies. Curr Probl Surg. (2000) 37:517–84. doi: 10.1016/S0011-3840(00)80013-1

 2. Schmidt VF, Olivieri M, Haberle B, Masthoff M, Deniz S, Sporns PB, et al. Interventional treatment options in children with extracranial vascular malformations. Hamostaseologie. (2022) 42:131–41. doi: 10.1055/a-1728-5686

 3. Franzetti G, Bonfanti M, Tanade C, Lim CS, Tsui J, Hamilton G, et al. A computational framework for pre-interventional planning of peripheral arteriovenous malformations. Cardiovasc Eng Technol. (2022) 13:234–46. doi: 10.1007/s13239-021-00572-5

 4. Schimmel K, Ali MK, Tan SY, Teng J, Do HM, Steinberg GK, et al. Arteriovenous Malformations-Current Understanding of the Pathogenesis with Implications for Treatment. Int J Mol Sci. (2021) 22:37. doi: 10.3390/ijms22169037

 5. Gilbert P, Dubois J, Giroux MF, Soulez G. New treatment approaches to arteriovenous malformations. Semin Intervent Radiol. (2017) 34:258–71. doi: 10.1055/s-0037-1604299

 6. Tekes A, Koshy J, Kalayci TO, Puttgen K, Cohen B, Redett R, et al. Vascular Anomalies Flow Chart (SEMVAFC): a visual pathway combining clinical and imaging findings for classification of soft-tissue vascular anomalies. Clin Radiol. (2014) 69:443–57. doi: 10.1016/j.crad.2013.11.016

 7. Rosen RJ, Nassiri N, Drury JE. Interventional management of high-flow vascular malformations. Tech Vasc Interv Radiol. (2013) 16:22–38. doi: 10.1053/j.tvir.2013.01.004

 8. Sadick M, Overhoff D, Baessler B, von Spangenberg N, Krebs L, Wohlgemuth WA. Peripheral vascular anomalies - essentials in periinterventional imaging. Rofo. (2020) 192:150–62. doi: 10.1055/a-0998-4300

 9. Hyodoh H, Hori M, Akiba H, Tamakawa M, Hyodoh K, Hareyama M. Peripheral vascular malformations: imaging, treatment approaches, and therapeutic issues. Radiographics. (2005) 25(Suppl. 1):S159–71. doi: 10.1148/rg.25si055509

 10. Strubing FF, Porubsky S, Bigdeli AK, Schmidt VJ, Krebs L, Kneser U, et al. Interdisciplinary management of peripheral arteriovenous malformations: review of the literature and current proceedings. J Plast Surg Hand Surg. (2022) 56:1–10. doi: 10.1080/2000656X.2021.1913743

 11. Strubing F, Laurich A, Weiss C, Kneser U, Schoenberg S, Sadick M. Patient characteristics and disease spectrum in a German vascular anomalies center. Acta Radiol. (2024) 65:145–51. doi: 10.1177/02841851231196872

 12. Upton J, Coombs CJ, Mulliken JB, Burrows PE, Pap S. Vascular malformations of the upper limb: a review of 270 patients. J Hand Surg Am. (1999) 24:1019–35. doi: 10.1053/jhsu.1999.1019

 13. Lilje D, Wiesmann M, Hasan D, Ridwan H, Holzle F, Nikoubashman O. Interventional embolization combined with surgical resection for treatment of extracranial AVM of the head and neck: a monocentric retrospective analysis. PLoS ONE. (2022) 17:e0273018. doi: 10.1371/journal.pone.0273018

 14. Saeed Kilani M, Lepennec V, Petit P, Magalon G, Casanova D, Bartoli JM, et al. Embolization of peripheral high-flow arteriovenous malformations with Onyx. Diagn Interv Imaging. (2017) 98:217–26. doi: 10.1016/j.diii.2016.06.017

 15. Bouwman FCM, Botden S, Verhoeven BH, Schultze Kool LJ, van der Vleuten CJM, de Blaauw I, et al. Treatment outcomes of embolization for peripheral arteriovenous malformations. J Vasc Interv Radiol. (2020) 31:1801–9. doi: 10.1016/j.jvir.2019.12.811

 16. Lee BB, Do YS, Yakes W, Kim DI, Mattassi R, Hyon WS. Management of arteriovenous malformations: a multidisciplinary approach. J Vasc Surg. (2004) 39:590–600. doi: 10.1016/j.jvs.2003.10.048

 17. Cho SK, Do YS, Kim DI, Kim YW, Shin SW, Park KB, et al. Peripheral arteriovenous malformations with a dominant outflow vein: results of ethanol embolization. Korean J Radiol. (2008) 9:258–67. doi: 10.3348/kjr.2008.9.3.258

 18. Greene AK, Liu AS, Mulliken JB, Chalache K, Fishman SJ. Vascular anomalies in 5,621 patients: guidelines for referral. J Pediatr Surg. (2011) 46:1784–9. doi: 10.1016/j.jpedsurg.2011.05.006

 19. Liu AS, Mulliken JB, Zurakowski D, Fishman SJ, Greene AK. Extracranial arteriovenous malformations: natural progression and recurrence after treatment. Plast Reconstr Surg. (2010) 125:1185–94. doi: 10.1097/PRS.0b013e3181d18070

 20. Nassiri N, Cirillo-Penn NC, Thomas J. Evaluation and management of congenital peripheral arteriovenous malformations. J Vasc Surg. (2015) 62:1667–76. doi: 10.1016/j.jvs.2015.08.052

 21. Greene AK, Orbach DB. Management of arteriovenous malformations. Clin Plast Surg. (2011) 38:95–106. doi: 10.1016/j.cps.2010.08.005

 22. Lilje D, Wiesmann M, Hasan D, Riabikin A, Ridwan H, Holzle F, et al. Interventional therapy of extracranial arteriovenous malformations of the head and neck-A systematic review. PLoS One. (2022) 17:e0268809. doi: 10.1371/journal.pone.0268809

 23. Do YS, Park KB, Park HS, Cho SK, Shin SW, Moon JW, et al. Extremity arteriovenous malformations involving the bone: therapeutic outcomes of ethanol embolotherapy. J Vasc Interv Radiol. (2010) 21:807–16. doi: 10.1016/j.jvir.2010.01.035

 24. Vogelzang RL, Atassi R, Vouche M, Resnick S, Salem R. Ethanol embolotherapy of vascular malformations: clinical outcomes at a single center. J Vasc Interv Radiol. (2014) 25:206–13; quiz 14. doi: 10.1016/j.jvir.2013.10.055

 25. Dunham GM, Ingraham CR, Maki JH, Vaidya SS. Finding the nidus: detection and workup of non-central nervous system arteriovenous malformations. Radiographics. (2016) 36:891–903. doi: 10.1148/rg.2016150177

 26. Sadick M, Muller-Wille R, Wildgruber M, Wohlgemuth WA. Vascular anomalies (part i): classification and diagnostics of vascular anomalies. Rofo. (2018) 190:825–35. doi: 10.1055/a-0620-8925

 27. Schmidt VF, Masthoff M, Czihal M, Cucuruz B, Haberle B, Brill R, et al. Imaging of peripheral vascular malformations - current concepts and future perspectives. Mol Cell Pediatr. (2021) 8:19. doi: 10.1186/s40348-021-00132-w

Copyright
 © 2024 Werba, Ludwig, Weiss, Struebing, Schoenberg and Sadick. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Extracranial arteriovenous malformations: a 10-year experience at a German vascular anomaly center and evaluation of diagnostic imaging for endovascular therapy assessment



		Introduction



		Methods



		Statistical analysis







		Results



		Demographics



		Spectrum of symptoms



		Malformation characteristics



		Diagnostics



		Comparison of diagnostic imaging modalities



		Therapies







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Footnotes



		References























OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Medicine







OPS/images/fmed-11-1473685-g005.gif
5
: !l n I,l a Jl -





OPS/images/fmed-11-1473685-g006.gif





OPS/images/fmed-11-1473685-g003.gif
IEERE

:

§o





OPS/images/fmed-11-1473685-g004.gif
ety

e wne





OPS/images/fmed-11-1473685-t002.jpg
Male 24 (40%)
Female 36 (60%)
Age

0-12 months 0

1-4 years 0
5-13 years 4(6.79%)
14-17 years 3 (5%)
>18 years 53 (88.3%)
Residence

Same state 28 (46.7%)
Surrounding states 25 (41.6%)
Other states 7 (11.7%)
Referral

In house 11 (18.3%)
Ex domo clinic 20 (33.3%)
Practice 12 (20%)
Self-admission 16 (26.7%)
Not documented 1(1.7%)






OPS/images/fmed-11-1473685-g007.gif





OPS/images/fmed-11-1473685-t001.jpg
Stage 1 Quiescence Cutaneous blush, skin warmth, arteriovenous
shunt on Doppler ultrasound
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