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ABSTRACT
The purpose of this publication is to provide a 
comprehensive review on the techniques and tools 
used for vascular access in neurointerventional 
procedures. Using published literature, we reviewed 
data on access methods, sites, tools, and techniques 
for neurointerventions. Recommendations are provided 
based on quality of data/levels of evidence and, 
where appropriate, expert consensus. While tools and 
techniques continue to be developed, current literature 
and experience supports certain principles regarding 
vascular access for neurointerventional procedures.

InTRoduCTIon
The expansion of indications for neurointerven-
tional procedures, combined with the need to treat 
a diverse patient population (including patients with 
tortuous anatomy and peripheral arterial disease), 
has driven a need for broader access options.1–4 
There is literature supporting various techniques 
and tools for vascular access in patients undergoing 
neurointerventional radiology. However, vascular 
access is a fundamental requirement for any endo-
vascular specialty, not solely neurointerventional 
radiology. This includes interventional cardiology 
and interventional radiology. Thus we aimed to 
develop recommendations based on the compen-
dium of access literature, including that from neuro-
interventional and other interventional specialties, 
especially where the neurointerventional literature 
is lacking and other specialties have reported best 
practices or prospective randomized data.

LITeRATuRe SeARCh
The Standards and Guidelines Committee of the 
Society of NeuroInterventional Surgery (SNIS), a 
multidisciplinary society representing the leaders in 
the field of endovascular therapy for neurovascular 
disease, prepared this report from a comprehensive 
review of the currently available English language 
literature relating to the topic. A literature search 
using PubMed (US National Library of Medicine) 
and Ovid (Wolters Kluwer) databases was performed 
from 1980 to 2018, with these key words: trans-
femoral access, transradial access, transbrachial 
access, transcarotid access, direct carotid access, 
direct vertebral access, venous access, pediatric 
arterial access. References were also found through 
screening of review articles and textbook chapters. 

Studies published in languages other than English 
were excluded. Recommendations follow the 
American College of Cardiology/American Heart 
Association classification of recommendation/level 
of evidence, and definition of classes and levels of 
evidence used in the American Heart Association/
American Stroke Association recommendations.5

GeneRAL ConSIdeRATIonS
There are several general principles of transarterial 
access that are broadly applicable to all access sites. 
First, data support the use of real time ultrasound 
guidance in arterial access, particularly in difficult 
access cases. In complex cases, it has been shown to 
reduce the number of attempts to successful cannu-
lation, time to access, inadvertent vessel puncture, 
and access site complications in prospective random-
ized trials across multiple access sites and patient 
populations compared with arterial access based on 
fluoroscopic guidance, arterial palpation, or surface 
anatomical landmarks.6 The use of micropuncture 
access (21 g) versus standard access (18 g) has been 
shown in a prospective trial of over 400 patients to 
reduce access site complications in patients without 
an elevated bleeding risk.7 Furthermore, increasing 
arterial sheath size is associated with an increase 
in access site complications across multiple access 
sites.8–10 Thus the smallest diameter sheath neces-
sary to complete the procedure should be chosen. 
In addition, arteriography of the accessed artery 
should be performed to ensure adequacy of sheath 
placement. Post- procedure periodic assessment 
of the access site and neurovascular assessment of 
the involved extremity is recommended to facili-
tate the early detection of access site complications 
although no literature exists to guide the frequency 
or duration of this assessment.

Recommendations
 ► Ultrasound guidance should be considered for 

difficult access, and is reasonable for routine 
arterial access (unless surgical cut down (SCD) 
is to be used). (Class IIa, Level A)

 ► Micropuncture access may be reasonable to 
reduce access site complications compared with 
standard access techniques. (Class IIb, Level B)

 ► The use of the smallest diameter sheath possible 
to successfully perform angiography or neuroin-
tervention is recommended to minimize access 
site complications. (Class I, Level A)
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 ► Local contrast injection of the arterial access site should be 
performed prior to final access catheter placement to ensure 
appropriate sheath cannulation of the selected artery. (Class 
I, Level C- EO)

 ► Post- procedure periodic assessment of the access site and 
neurovascular assessment of the involved extremity is recom-
mended to facilitate the early detection of access site compli-
cations. (Class I, Level C- EO)

TRAnSfemoRAL ARTeRIAL ACCeSS
Transfemoral access (TFA) has traditionally been the preferred 
arterial access site for most neurointerventions and is used in 
>95% of cases.11 TFA is the most common and best studied of 
the access sites in the neurointerventional literature.

Pre- procedure: severe atherosclerotic disease of the femoral 
vessels can both increase the difficulty of gaining TFA and 
increase the likelihood of ischemic access site complications. 
Alternative access sites may be considered in patients with 
known prior surgery, stenting, or occlusion of the femoral or 
iliac arteries or descending aorta.

Access technique: anatomical landmark based reference tech-
niques theoretically reduce the risk of retroperitoneal hematoma. 
This approach prevents external iliac artery puncture above 
the inguinal ligament and facilitates hemostasis by allowing 
compression against the femoral head, as the common femoral 
artery has a consistent anatomical relationship to the femoral 
head.12 Fluoroscopic guidance for puncture over the femoral 
head has been shown in a prospective registry to reduce access 
site complications compared with anatomical landmark based 
puncture alone. However, three randomized trials failed to find 
any difference between the two groups other than a higher like-
lihood of ideal puncture location with fluoroscopy.13–15 Further-
more, in a prospective randomized trial, ultrasound guidance 
was shown to reduce the number of attempts, time to access, risk 
of inadvertent venipuncture, and risk of vascular complications 
compared with fluoroscopic guidance.16

Access site closure and post- procedure: vascular closure devices 
(VCDs) offer several theoretical benefits over manual compres-
sion in TFA: reduced time to hemostasis, reduced time to ambu-
lation, reduced risk of access site complications, and increased 
patient comfort. However, significant heterogeneity exists in 
the literature comparing VCDs with manual compression as 
well as comparing different types of VCDs. A recent Cochrane 
Library review of this topic, assessing 52 randomized studies 
and more than 20 000 patients, found no significant difference 
between VCDs and manual compression with regard to time to 
hemostasis and time to ambulation. Collagen based VCDs were 
shown to reduce the incidence of groin hematoma and pseudo-
aneurysm, but no other differences were seen for other types of 
VCDs (suture mediated or nitinol ring) or access site complica-
tions. Evidence supports common femoral artery angiography 
prior to placement of a VCD to prevent complications.17 Finally, 
length of bed rest following TFA reported in the literature varies 
widely, depending on sheath size, use of anticoagulation, risk 
factors for access site complications, and the use of VCDs versus 
manual compression. As such, no specific recommendation 
regarding length of bed rest can be made.

Complication avoidance and management: serious access 
site complications (including retroperitoneal hematoma, pseu-
doaneurysm, fistula, and dissection, among others) have been 
reported in 1.4–11.65% of neurointerventional procedures.18–20 
Complications can present with pain, bruising, or swelling of the 
access site, flank or back pain diminished distal pulses, decrease 
in hemoglobin or, in severe cases, hemodynamic instability from 

hypovolemic shock (even resulting in death). Diagnosis of retro-
peritoneal hematoma can be made clinically as well as confirmed 
by CT scan or femoral arteriography, and can be treated with 
transfusion, endovascular repair of the bleeding site, or possible 
surgical evacuation. Pseudoaneurysm can present with groin 
swelling or pain, diagnosed with ultrasound, and can be managed 
conservatively, with compression or thrombin injection, or 
surgical treatment. Femoral artery occlusion usually presents 
with diminished or absent pulses, parasthesias, and weakness of 
the leg. The diagnosis is made clinically and via Doppler ultra-
sound, and generally treated with anticoagulation or surgery.

Recommendations
 ► Alternative access sites to TFA may be considered in patients 

with known prior surgery, stenting, or occlusion of the 
femoral or iliac arteries or descending aorta. (Class IIb, Level 
C- EO)

 ► Fluoroscopic guidance can be beneficial to reduce access site 
complications and ensure access over the inferior femoral 
head compared with anatomic landmark based access alone. 
(Class IIa, Level B)

 ► The effectiveness of VCDs in reducing time to hemostasis 
compared with manual compression is uncertain. (Class IIb, 
Level C- LD)

 ► The effectiveness of VCDs in reducing time to ambulation 
compared with manual compression is uncertain. (Class IIb, 
Level C- LD)

 ► The use of collagen based VCDs may be considered to reduce 
access site complications, specifically groin hematoma and 
pseudoaneurysm. (Class IIb, Level C- LD)

TRAnSRAdIAL ARTeRIAL ACCeSS
Transradial access (TRA) is the best studied alternative access site 
in neurointervention. Multiple large retrospective single center 
series have demonstrated the safety and efficacy of transradial 
cerebral angiography.21–27 In addition, complex interventions 
for both ischemic and hemorrhagic disease of the posterior 
and anterior circulation have been reported, highlighting the 
feasibility of this approach despite the use of femoral designed 
devices.11 28–35 Furthermore, the best practices of TRA and 
closure have been extensively studied in the cardiology litera-
ture, as the reduction in access site complications from TRA has 
driven conversion worldwide among cardiologists.36 Despite 
these findings, TRA is currently utilized in <5% of neurointer-
ventional procedures although the conversion to TRA has been 
much discussed recently in both social media and society meet-
ings.11 Although TRA site complication rates compare similarly 
between retrospective neurovascular studies and the cardiology 
literature, there is currently insufficient information comparing 
TRA with TFA with regards to other extracranial and intracra-
nial complications.

Pre- procedure: traditionally, assessment of the collateral circu-
lation to the hand via Allen’s test and the Barbeau (using pulse 
oximetry and plethysmography) test has been utilized prior to 
TRA. However, significant controversy exists regarding the need 
for pre- procedural collateral circulation testing.37 38 These tests 
have not provided adequate prediction of post- procedure hand 
ischemia in studies of utilization, supporting the presence of a 
dynamic collateral circulation of the hand and wrist regardless 
of the pre- procedure testing results.39 However, given the poten-
tially devastating complication of hand ischemia and the theoret-
ical role of collateral circulation testing in reducing the chance 
of this complication, its use has not been abandoned despite the 
inability of the Allen’s or Barbeau test to predict complications. 
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figure 1 Access of the radial artery with a micropuncture needle and 
wire, along with a wrist band for patent hemostasis technique closure.

Of note, the MATRIX trial randomized more than 4000 patients 
to TRA (regardless of the pre- procedure collateral testing result) 
and found 0% incidence of post- procedure symptomatic hand 
ischemia.40 Symptomatic hand ischemia following TRA remains 
a ’case reportable’ phenomenon. Administration of topical lido-
caine and nitroglycerin at least 30 min prior to puncture has 
been shown prospectively to increase the diameter of the radial 
artery and facilitate TRA.41 In addition, subcutaneously admin-
istered nitroglycerin has similarly shown benefit in facilitating 
TRA.42 43

Access site technique: the use of the counterpuncture tech-
nique, as opposed to puncture of the anterior wall only, has 
been shown prospectively to reduce the number of attempts to 
achieve access, and thus time to achieve access.44 45 Radial access 
is traditionally obtained 2–3 cm proximal to the palmar wrist 
crease. Recent series have reported both cerebral angiography 
and neurointerventions successfully performed via access more 
distally in the anatomical snuffbox, obviating the need for wrist 
supination, allowing for re- access at the more proximal site, and 
providing operator comfort during left radial access.46 47 Admin-
istration of unfractionated heparin at therapeutic levels (50 U/
kg or 5000 U) has been shown prospectively to lead to a sixfold 
reduction in radial artery occlusion (RAO) rates, with higher 
rates of administration (100 U/kg) further decreasing RAO inci-
dence.48–50 Furthermore, the best route for heparin administra-
tion remains unclear, with no difference between intravenous or 
intra- arterial bolus administration through a sheath with regard 
to RAO rates.48 51 The administration of intra- arterial antispas-
modic medications has been shown prospectively in multiple 
trials to reduce radial artery spasm (RAS) although without a 
clear consensus on the most effective combination and dose.52–54 
A meta- analysis of 22 randomized trials found the lowest rates 
of RAS following intra- arterial administration of nitroglycerin 
200 μg and verapamil 5 mg.55 The choice of sheath size plays 
an important role in TRA, given its smaller diameter compared 
with other arterial access sites. Prospective studies have demon-
strated a difference between what size sheath the radial artery 
can accommodate versus what size will result in the greatest 
post- procedure patency rates. While essentially clinically silent, 
prevention of RAO is important, especially with regard to 
consideration of further procedures. RAO rates have been shown 
to increase with increasing sheath diameter, especially when the 
outer diameter of the sheath exceeds the inner diameter of the 
radial artery. The use of sheathless TRA has been described and 
allows for larger inner diameter guide catheters to be placed 

without an attendant increase in outer diameter from sheath 
placement.56

Access site closure: radial artery patency rates are significantly 
affected by the method of radial artery closure—namely, utili-
zation of a patent hemostasis technique (figure 1). The use of 
patent hemostasis has been shown prospectively to reduce rates 
of RAO by 75% compared with conventional pressure applica-
tion, either manually or with a compressive hemostatic band.21 
Furthermore, prophylactic ulnar artery compression, when 
combined with patent hemostasis and other standard practices, 
results in RAO rates <1%.57

Post- procedure: although use of patent hemostasis is para-
mount to preventing RAO, there is no consensus on the optimal 
protocol for deflation of the radial hemostatic band.58

Complication avoidance and management: the two most 
common complications associated with TRA are RAS and 
RAO. RAS can occur in up to 15–30% of patients, which can 
be reduced to 6–10% following intra- arterial administration of 
nitroglycerin and a calcium channel blocker.59 Recalcitrant RAS 
can be managed with further administration of antispasmodic 
medications. RAO occurs in <1% of cases with modern preven-
tion techniques, including heparin administration and patent 
hemostasis, as highlighted above. Furthermore, RAO is clinically 
silent in the majority of cases secondary to collateral circulation 
via the palmar arch. If RAO is encountered immediately post-
operatively, ulnar compression can promote recanalization.60 If 
RAO persists, administration of low molecular weight heparin 
can increase patency.60

Recommendations
 ► Pre- procedural collateral circulation testing, including Allen’s 

and Barbeau tests, is not useful in predicting ischemic compli-
cations associated with TRA and should not be used for access 
site triage. (Class III, Level A)

 ► The counterpuncture technique can be effective in the reduc-
tion of time to radial artery access and number of attempts 
needed to access compared with the anterior puncture tech-
nique. (Level IIa, Class B)

 ► Anticoagulation, in the form of unfractionated heparin at a 
dose of 50 μg/kg or 5000 U, should be administered to reduce 
the risk of RAO. (Class I, Level A)

 ► Patent hemostasis (figure 1), including prophylactic ipsilat-
eral ulnar artery compression, should be used to reduce the 
risk of RAO. (Class I, Level A)

 ► Use of sheaths with an outer diameter smaller than the inner 
diameter of the radial artery is recommended to reduce the 
risk of RAO. (Class I, Level B- NR)

 ► The intra- arterial administration of antispasmolytic agents, 
including verapamil and nitroglycerin, can be useful in the 
prevention of RAS. (Class IIa, Level B- R)

 ► Assessment of radial artery patency prior to discharge and at 
the first postoperative visit is recommended to mitigate the 
risk of RAO. (Class I, Level C- EO)

TRAnSBRAChIAL ARTeRIAL ACCeSS
Transbrachial arterial access (TBA) for both angiography and 
interventions has been described in the neurointerventional liter-
ature when TFA cannot be performed safely for reasons such 
as small radial artery/sheath size ratio or due to aortic arch or 
supra- aortic vessel tortuosity.61–65 The larger diameter compared 
with the radial artery offers the advantage of placement of larger 
guiding catheters and devices at a cost of an increased chance 
of limb ischemia due to less robust collateral circulation and 
increased access site complications due to its deeper location 
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within the tissues of the brachium. Its current role in neuroint-
ervention is relegated to an alternative access site, and as such is 
used in a small minority of procedures.

As a cautionary note, atherosclerotic disease at the site of 
puncture on ultrasound can complicate access.

Access site technique: no current prospective trials exist 
regarding the optimal technique for TBA. Use of SCD has also 
been described for TBA, especially in cases requiring anticoagu-
lation or in sheath sizes of 7 F or greater.66 Sheath sizes up to 9 F 
have been reported via the brachial artery, again with the use of 
SCD to mitigate complications.67

Access site closure: manual compression is the most commonly 
accepted and reported method. Various VCDs have been 
reported.68–70 The largest series, a retrospective analysis of the 
Angio- Seal device (St Jude Medical, St Paul, Minnesota, USA), 
reported major and minor complication rates of 3.1% and 
7.5%, respectively.71 Of note, small brachial artery diameter and 
atherosclerotic plaque have been described as contraindications 
to placement of a closure device. The literature does not favor 
closure devices over manual compression, and the reported 
complications between SCD and closure appear to be similar.67

Post- procedure: due to a paucity of clinical literature, no 
specific recommendation regarding the length of compression 
and immobilization can be made.

Complication avoidance and management: major complica-
tions (brachial artery occlusion resulting in limb ischemia, pseu-
doaneurysm or hematoma requiring surgery or transfusion, nerve 
palsy) have been prospectively reported in 2.3–5.5% of TBA 
endovascular interventions, with minor complications occurring 
in up to 14%.67 71–74 Complication avoidance lies in appropriate 
patient selection, with SCD and closure in the setting of large 
sheath diameters and anticoagulation. While certain complica-
tions can be managed conservatively, nearly two- thirds of major 
TBA complications require surgical management. Thus early 
vascular surgery consultation is recommended in the setting of 
any potential complication.

Currently, there is inadequate literature to guide TBA 
approaches. As complication rates appear higher than femoral, 
TFA, or TRA, this site should only be considered as an alterna-
tive when these options are not possible.

Recommendations
 ► TBA is not recommended as a primary access site. (Class III, 

Level C- LD)
 ► TBA may be considered as an alternative access site when 

other arterial access sites have failed or are not feasible. 
(Class IIb, Level C- LD).

dIReCT CARoTId And veRTeBRAL ARTeRIAL ACCeSS
Direct carotid arterial or vertebral access (DCVA) is not recom-
mended for routine angiography. DCVA may be used as an 
alternative site for access when other safer access points are not 
possible, and the clinical situation requires diagnostic informa-
tion that cannot be achieved in any other way, or to perform 
therapeutic interventions that must be accomplished. This site 
may be used for emergency stroke thrombectomy or treatment 
of vascular pathology when anatomy precludes other access 
avenues. Due to the limited area within the carotid sheath, arte-
rial bleeding can result in major complications. Its current role in 
neurointervention is relegated to a last resort alternative access 
site in urgent or emergent circumstances.

Pre- procedure: patients with known stenosis or occlusion of 
the distal common, internal carotid, or vertebral arteries should 

not receive DCVA. Intubation should be considered for DCVA to 
ensure protection of the airway intra- and post- procedurally.75 76

Access site technique: no current prospective trials exist 
regarding the optimal technique for DCVA. Real time sono-
graphic guidance and angiography with or without roadmap 
assistance may decrease complication rates. Single wall arterial 
puncture is important to reduce complications, and the use of 
SCD has also been described. The sheath should be secured 
in place with sutures. Given the low volume of studies on this 
method, no clear comparisons of sheath/shuttle length or size 
are available. There are no trials regarding the optimal closure 
methods in DCVA. Manual compression is a commonly accepted 
and reported method of arterial closure. In patients with large 
sheaths and anticoagulation, direct surgical repair is another 
option. This option allows for opening of the carotid sheath 
which holds the carotid artery, internal jugular artery, and vagus 
nerve. This would also allow placement of a subcutaneous drain 
that can decrease bleeding complications after primary repair 
especially in patient receiving anticoagulation, antiplatelets, or 
post- tissue plaminogen activator. The use of various VCDs has 
been reported. Currently, there is inadequate literature to guide 
optimal closure in these patients.75–77

Post- procedure: post- procedure, consideration should be made 
to keep patients intubated for airway protection. There is insuf-
ficient evidence to guide length of immobilization after arteri-
otomy closure but consideration of type of closure, concomitant 
anticoagulation, and sheath size should be undertaken.

Complication avoidance and management: major access site 
complications include carotid artery stenosis, occlusion, or 
bleeding. Bleeding from the access site can be particularly grave 
given the proximity to the trachea. This can result in rapid 
airway compromise making reintubation difficult or impossible. 
Complication avoidance lies in appropriate patient selection and 
meticulous access and closure. Due to the potential for signif-
icant complications, this access site is only used when other 
avenues are not possible and neurointervention is critical.

TRAnSvenouS ACCeSS
Transvenous access (TVA) has diagnostic and therapeutic utility 
in neuroendovascular surgery, ranging from diagnostic venog-
raphy and venous sampling to transvenous embolization, throm-
bectomy, and stenting. TVA is considered the route of choice 
for the treatment of a wide range of neuroendovascular condi-
tions that include, but are not limited to, inferior petrosal sinus 
sampling, mechanical thrombectomy in cerebral venous sinus 
thrombosis, venous stenting for idiopathic intracranial hyper-
tension, and embolization of vein of Galen malformations, dural 
arteriovenous fistula, and carotid–cavernous fistula.78–87

Pre- procedure: in patients with known thrombosis involving 
the common femoral vein, the contralateral side should be 
selected. While access is most frequently obtained using land-
marks, routine ultrasound assistance may allow for evaluation 
of underlying thrombosis and a reduction in access site compli-
cations. TVA via the brachial, internal jugular, and superior 
ophthalmic vein should be accessed with ultrasound due to the 
proximity to the brachial plexus, the common carotid artery, 
and the globe, respectively. Most neuroendovascular procedures 
requiring TVA are conducted under general anesthesia, and 
systemic anticoagulation is administered.88 89

Access site technique: prospective trials regarding the optimal 
technique for TVA are lacking. For femoral venous access, the 
puncture site is typically 1 cm medial to the femoral pulse, just 
below the inguinal ligament. Spontaneous blood return from the 
18–21 g needle may not necessarily be obtained but aspiration of 
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figure 2 Direct superficial cannulation of the superior ophthalmic 
vein with micropuncture and microwire. This location has the benefit 
that it is superficial and bleeding can be easily controlled. Puncture of 
the superior ophthalmic vein distal to the superior orbital fissure or the 
cavernous sinus has the benefit that the vein is held in place by bony 
anatomy and is less mobile. Bleeding following access of these sites is 
more challenging to control.

blood with a syringe should confirm venous access. Fluoroscopic 
visualization of the wire to the right of the spine confirms intra-
venous access. Next, under direct fluoroscopic visualization, an 
appropriate guidewire is inserted to facilitate sheath or catheter 
placement. A 4 or 5 F sheath is typically appropriate for diag-
nostic procedures while a 6 or 7 F sheath is preferred for neuro-
endovascular interventions. For TVA to the cavernous sinus, 
direct internal jugular puncture provides an alternative access 
point. Ultrasound guidance is recommended. If endovascular 
access to the internal jugular vein is not possible due to tortu-
osity, septations, diverticuli, or the presence of thrombus, access 
can often be obtained via direct puncture or venous cut down of 
the superior ophthalmic, facial, or angular vein (figure 2). In the 
case of direct puncture, if the vein is not superficial, angiography 
with or without roadmap assistance can help guide needle place-
ment. In the case of cut down, a small incision is made in the skin 
crease above the upper eyelid and the arterialized venous branch 
is identified and tracked proximally to identify the main trunk 
of the arterialized superior ophthalmic vein.78 82 85 88 90 This 
should be performed by a trained ophthalmologist or neurosur-
geon. Cannulation of the facial or angular vein may provide an 
alternative approach along with direct puncture of the cavernous 
sinus as an alternative means of access when the above options 
are not possible.91 92There is inadequate literature to support 
one approach over the others, but the least invasive option is 
optimal.

Post- procedure: Due to the low pressures, manual compres-
sion of TVA for 5–10 min is an accepted closure technique in 
the absence of an untreated fistula (which would cause elevated, 
pulsatile pressure). Although not common practice, venous 
hemostasis with a closure device may be considered when 
access site hemostasis is challenging due to anticoagulation or 

coagulopathies. Alternatively, the patient can be kept immobi-
lized and the sheath left in place until activated clotting time 
is <150 and then removal may be performed with manual 
compression.88 A brief period of bed rest following TVA may be 
considered, especially in the setting of anticoagulation.88

Complication avoidance and management: no cases of iatro-
genic arteriovenous fistula formation have been reported from 
transarterial access and TVA at the same access site but it remains 
a theoretical possibility. TVA can be associated with the devel-
opment of acute cerebral venous sinus thrombosis and hence 
anticoagulation is recommended, especially with prolonged 
interventions. Furthermore, deep vein thrombosis, as well as 
pulmonary emboli, may occur.86 Venous perforation may result 
in intracranial bleeding and although less common than in arte-
rial interventions, groin complications can occur with TVA.88

Recommendations
 ► Ultrasound guidance may be used to mitigate TVA site 

complications. (Class IIb, Level C- EO)
 ► TVA should be performed with anticoagulation to minimize 

the risks of venous thromboembolism and thromboembolic 
complications. (Class I, Level C- LD)

 ► Manual compression of venous access points is safe, appro-
priate, and reasonable. (Class IIb, Level C- EO)

PedIATRIC ACCeSS
Pediatric arterial catheterization is technically challenging, 
mainly due to the small diameter of the access artery and asso-
ciated underlying morbidities, such as prematurity. Pediatric 
femoral catheterization has been reported as having higher 
access site complication risks (up to 40%) compared with those 
in adults.93–97 Acute or short term complications include punc-
ture site vasospasm, acute loss of arterial pulse (LOP), and arte-
rial dissection. Long term complications include ipsilateral limb 
length retardation and capital femoral necrosis.93–97 However, 
adopting ultrasound guided arterial puncture technique, 
systemic anticoagulation, and careful selection of catheter size 
have significantly reduced the femoral puncture site complica-
tion risks (<5%).97–99 Umbilical artery access and carotid punc-
ture have also been reported with reasonably low complication 
risks in limited circumstances.87 100

Pre- procedure: manual palpation and, if possible, ultrasound 
examination of bilateral femoral arteries are recommended to 
access adequate arterial flow and localization of the puncture 
site. As a common femoral artery (CFA) diameter of <3 mm 
was found to be an independent predictor of LOP, CFA access 
avoidance in such vessels should be considered.97 In the case of 
umbilical access for neonates, either an existing umbilical arterial 
catheter or a patent umbilical artery needs to be verified.

Access site technique: the standard arterial access site for 
most pediatric patients is the CFA. Alternative access sites, 
including axillary, brachial, and umbilical arteries, can be 
chosen in certain circumstances. Also, direct access to carotid 
and vertebral arteries may be necessary in selected cases.101 
The ultrasound guided CFA puncture technique and the low 
angle puncture technique are recommended as these have 
shown significantly reduced puncture site complications.97 102 
Although there is no prospective controlled study available, 
considering the potential benefits of minimal arterial injury, 
use of the anterior wall puncture with micropuncture tech-
nique seems to be desirable as it minimizes trauma to the 
vessel. Selection of appropriate arterial sheath size is another 
critical step to reduce access site complications. In general, a 
trans- umbilical approach is favored in patients <3 kg whose 
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umbilical artery is accessible, a 4 F sheath can be used for chil-
dren weighing 3–10 kg, and up to 5 F arterial sheath for chil-
dren weighing 10–15 kg.99 Using the measured CFA diameter 
for the selection of arterial sheath size can be complex. The 
mean diameter of the CFA in patients <1 year old and ≥1 year 
old was 3.2 +/- 1.1 mm and 5.4 +/- 0.8mm, respectively.97 
The extrapolated estimated diameter of the CFA at 5 years old 
and 12 years old based on both angiographic and ultrasound 
measurements, were approximately 6 mm and about 7 mm, 
respectively.103 104 The outer diameter of the currently avail-
able 4 F, 5 F, and 6 F arterial sheaths are 1.8, 2.3, and 2.6 mm, 
respectively. Therefore, if the CFA diameter is >3 mm and for 
a child <1 year old, a 4 F arterial sheath should be assumed as 
a safe size. In children aged between 1 and 5 years old, up to 
a 5 F sheath appears to be a safe choice. After 6 years of age, 
up to a 6 F arterial sheath can be used based on prior reports. 
However, it would always be desirable to use ultrasound to 
measure the puncture site CFA diameter before finalizing the 
size of the arterial sheath. Known potential risk factors for 
CFA spasm and LOP include (1) absolute diameter of the CFA 
<3 mm, (2) the mean artery/catheter outer diameter ratio of 
<50%, and (3) <1.9 mm difference between CFA diameter 
and outer diameter of the catheter.95 105

In the case of umbilical artery access, it is desirable to use an 
umbilical arterial catheter (Radio- opaque 3.5 F, Argyle, Tyco 
Healthcare Group, Mansfield, Massachusetts, USA) to select 
and establish umbilical access. Then, introduce either a 0.025 or 
0.035 inch wire, through the umbilical catheter and exchange it 
with a 4 F arterial sheath (figure 1). The tip of the arterial sheath 
can be located at the iliac artery or within the aorta. In the case 
of a short staged neurointerventional procedure, the 4 F arterial 
sheath can remain with continuous perfusion with either hepa-
rinized saline or heparinized dextrose.

For access site closure, manual compression is recom-
mended. Puncture site closure device applications such as 
Angioseal (St Jude Medical) and MynxGrip (Cordis) have been 
reported off- label in selected patients (CFA diameter >4 mm). 
However, such devices are approved by the Food and Drug 
Administration only for patients aged 18 years and over.106 107 
Use of closure devices may potentially decrease immobilization 
time, decrease the length of hospital stay, and possibly reduce 
the risk of rebleeding, considering the low compliance of the 
pediatric cohort.106 However, its use must be carefully tailored 
considering the risk benefit ratio in each pediatric patient, 
particularly when considering the off- label nature of use.

Post- procedure: bed rest is recommended following femoral 
access, with the length depending on the use of anticoagulation, 
size of the sheath, and use of VCDs, but typically ranges between 
2 and 6 hours. Neurological and pulse checks are done routinely 
during the postoperative period.

Complication avoidance and management: use of pre- 
puncture ultrasound examination, selection of the least inva-
sive access site (eg, in the neonate, umbilical artery access may 
be less traumatic than CFA access), appropriate arterial sheath 
size selection, and systemic anticoagulation must be carefully 
considered to prevent potential complications. Systemic anti-
coagulation after femoral artery access generally uses unfrac-
tionated heparin (100 IU/kg). The benefits of continuous flush 
through the arterial sheath with heparinized saline during 
the case in the pediatric cohort has not been clearly studied. 
However, considering its significant role in adults, the tech-
nique is likely preventive for access site arterial LOP. On the 
other hand, care should be taken to prevent potential volume 
overload during the interventional procedure.

Despite all preventive measures and even in very experienced 
operators, puncture site LOP is still a well known complication 
in pediatric catheterizations. Systemic fibrinolytic therapy, surgical 
thrombectomy, and endovascular thrombolysis have all be reported 
and resulted in reasonably good outcomes.108–113 However, consid-
ering young age, the small size of the pediatric femoral artery, 
frequent association of arterial spasm and comorbidities, conserva-
tive management, including anticoagulation and systemic fibrino-
lytic therapy, is recommended although these also have some risks 
in this patient population.114 The most commonly used protocol 
for conservative management of post- catheterization femoral LOP 
is continuing for at least 12–48 hours anticoagulation using intra-
venous unfractionated heparin. If limb ischemia persists, consider 
systemic fibrinolytic therapy using 0.5 mg/kg/hour for about 6 
hours. In the case of contraindications for conservative manage-
ment, for persistent limb ischemia even after therapeutic anticoag-
ulation or imminent limb ischemia, either surgical or endovascular 
management should be considered.

Recommendations
 ► Selection of sheath size based on patient age and CFA diam-

eter on ultrasound is reasonable to prevent access site compli-
cations. (Class IIa, Level B- NR)

SummARy of ReCommendATIonS
 General considerations

 ► Ultrasound guidance should be considered for difficult 
access, and is reasonable for routine arterial access (unless 
SCD is to be used). (Class IIa, Level A)

 ► Micropuncture access may be reasonable to reduce access 
site complications compared with standard access tech-
niques. (Class IIb, Level B)

 ► The use of the smallest diameter sheath possible to success-
fully perform angiography or neurointervention is recom-
mended to minimize access site complications. (Class I, 
Level A)

 ► Local contrast injection of the arterial access site should be 
performed prior to final access catheter placement to ensure 
appropriate sheath cannulation of the selected artery. (Class 
I, Level C- EO)

 ► Post- procedure periodic assessment of the access site and 
neurovascular assessment of the involved extremity is 
recommended to facilitate the early detection of access site 
complications. (Class I, Level C- EO)

 Transfemoral arterial access
 ► Alternative access sites to TFA may be considered in patients 

with known prior surgery, stenting, or occlusion of the 
femoral or iliac arteries or descending aorta. (Class IIb, Level 
C- EO)

 ► Fluoroscopic guidance can be beneficial to reduce access site 
complications and ensure access over the inferior femoral 
head compared with anatomic landmark based access alone. 
(Class IIa, Level B)

 ► The effectiveness of vascular closure devices in reducing 
time to hemostasis when compared with manual compres-
sion is uncertain. (Class IIb, Level C- LD)

 ► The effectiveness of VCDs in reducing time to ambulation 
compared with manual compression is uncertain. (Class IIb, 
Level C- LD)

 ► The use of collagen based VCDs may be considered to reduce 
access site complications, specifically groin hematoma and 
pseudoaneurysm. (Class IIb, Level C- LD)
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 Transradial arterial access
 ► Pre- procedural collateral circulation testing, including 

Allen’s and Barbeau tests, is not useful in predicting ischemic 
complications associated with TRA and should not be used 
for access site triage. (Class III, Level A)

 ► The counterpuncture technique can be effective in the reduc-
tion of time to radial artery access and number of attempts 
needed to access compared with the anterior puncture tech-
nique. (Level IIa, Class B)

 ► Anticoagulation, in the form of unfractionated heparin at 
a dose of 50 μg/kg or 5000 U, should be administered to 
reduce the risk of RAO. (Class I, Level A)

 ► Patent hemostasis (figure 1), including prophylactic ipsilat-
eral ulnar artery compression, should be used to reduce the 
risk of RAO. (Class I, Level A)

 ► Use of sheaths with an outer diameter smaller than the inner 
diameter of the radial artery is recommended to reduce the 
risk of RAO. (Class I, Level B- NR)

 ► The intra- arterial administration of antispasmolytic agents, 
including verapamil and nitroglycerin, can be useful in the 
prevention of RAS. (Class IIa, Level B- R)

 ► Assessment of radial artery patency prior to discharge and at 
the first postoperative visit is recommended to mitigate the 
risk of RAO. (Class I, Level C- EO)

 Transbrachial arterial access
 ► TBA is not recommended as a primary access site. (Class III, 

Level C- LD)
 ► TBA may be considered as an alternative access site when 

other arterial access sites have failed or are not feasible. 
(Class IIb, Level C- LD)

 Transvenous access
 ► Ultrasound guidance may be used to mitigate TVA site 

complications. (Class IIb, Level C- EO)
 ► TVA should be performed with anticoagulation to minimize 

the risks of venous thromboembolism and thromboembolic 
complications. (Class I, Level C- LD)

 ► Manual compression of venous access points is reasonable 
(Class IIb, Level C- EO)

 Pediatric access
 ► Selection of sheath size based on patient age and CFA 

diameter on ultrasound is reasonable to prevent access site 
complications. (Class IIa, Level B- NR)

Twitter Robert M Starke @Starke_neurosurgery
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