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Background: Although the internal jugular vein (IJV) is the most widely used puncture site in hemodialysis 
catheter insertion and central vein angioplasty, the external jugular vein (EJV) offers an alternative vascular 
access point in cases when the IJV is inaccessible. The present study aims to observe the efficacy and safety 
of sharp recanalization of the brachiocephalic vein occlusion through the EJV in hemodialysis patients.
Methods: This retrospective study enrolled a cohort of hemodialysis patients who received sharp 
recanalization of occlusive brachiocephalic vein through the EJV at a university-affiliated hospital between 
January 2017 and January 2019. The demographic information and clinical outcome data of the patients 
were collected and analyzed.
Results: A total of 16 hemodialysis patients who received right brachiocephalic vein sharp recanalization 
through the EJV were analyzed. The technical success rate was 100%. Twelve patients (12/16, 75%), whose 
EJV-subclavian vein angle (E-S angle) was 60–80 degrees, were successfully recanalized on the first attempt. 
With the other 4 patients (4/16, 25%), whose E-S angle approached 90 degrees, the brachiocephalic vein was 
recanalized on the second attempt by elevating the ipsilateral shoulder, therefore decreasing the E-S angle 
to align the course of the EJV with the brachiocephalic vein. Three minor complications were recorded, 
including 1 patient with blood continuously oozing from the EJV at the puncture site and 2 patients with 
mild chest pain. After an average of 10 months of follow-up, the clinical patent rate was 81.25% with no 
procedure-related complications reported.
Conclusions: Sharp recanalization through the EJV could be an effective and safe alternative treatment 
for right brachiocephalic vein occlusion in hemodialysis patients if performed by an experienced practitioner. 
Measuring the angle formed by the EJV and the subclavian vein might provide helpful information for 
selecting patients. 
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Introduction

The left and right brachiocephalic veins are a pair of central 
venous structures formed by the union of the corresponding 
internal jugular vein (IJV) and the subclavian vein at the 
level of the sternoclavicular joint. The brachiocephalic 
veins merge to form the superior vena cava (SVC), the final 
passage of venous blood from the upper body (Figure 1). In 
patients treated with chronic hemodialysis, brachiocephalic 
vein occlusion is a common type of central venous occlusion 
(CVO), which can lead to ipsilateral limb swelling, altered 
vascular access function, and subsequent suboptimal 
hemodialysis (1). Brachiocephalic vein occlusion was 
traditionally treated with complex bypass surgery. In recent 
years, the majority of the cases are treated with traditional 
blunt angioplasty recanalization (2,3); however, when this 
fails, optional treatments include sharp transversal by a 
sharp device (4-6), radiofrequency recanalization (7) or 
outback reentry devices (8). IJV is one of the puncture sites 
most widely used for both hemodialysis catheter insertion 
and CVO angioplasty (9). When the IJV is obstructed, 
alternative vascular access, such as through the external 
jugular vein (EJV), may be considered (10,11). Compared 
with a brachial or femoral approach, the EJV holds the 
advantage of being adjacently located in a straight line 
to the brachiocephalic vein, which might enable using a 
straight sharp device during recanalization with better 
over-the-wire control. However, the utilization of EJV 
as access site when performing CVO sharp recanalization 
has seldom been reported. The present study aimed to 
describe the efficacy and safety of sharp recanalization 
for brachiocephalic vein occlusion through the EJV in 
hemodialysis population. To our knowledge, this is the 
first clinical observation among a cohort of hemodialysis 
patients utilizing this technique.

Methods

Study subjects

This study retrospectively enrolled consecutive chronic 
hemodialysis patients who received sharp recanalization 
of the brachiocephalic vein through EJV in West China 
Hospital from January 2017 to December 2018. The 
inclusion criteria were as follows: (I) on maintenance 
hemodialysis; (II) diagnosed with brachiocephalic vein 
occlusion and ipsilateral IJV occlusion; (III) occlusive 
brachiocephalic lesions were refractory to standard 
recanalization procedures; and (IV) received sharp 

recanalization of the brachiocephalic vein occlusion 
through the EJV. Patients with whom the brachiocephalic 
vein occlusion was sharply recanalized from the opposite 
side of the lesion through the SVC were excluded from the 
analysis. 

Sharp recanalization technique

Recana l i z a t ion  was  ca r r i ed  ou t  by  exper i enced 
interventional nephrologists under procedural sedation with 
fentanyl and midazolam. The brachial and common femoral 
veins were accessed under aseptic conditions, guided by 
ultrasound. Fluoroscopy was then performed to document 
the obstruction (Figure 2A). An attending interventional 
radiologist measured the length of occlusive segments 
using digital subtraction venography. If the occlusion 
could not be passed by blunt recanalization after multiple 
attempts from either end, then the patient then received 
sharp recanalization after informed consent was obtained. 
With the IJV occluded, venography was performed from 
the brachial approach to visualize the EJV and subclavian 
vein (Figure 2B). A guide wire was advanced from the 
brachial access into EJV by way of subclavian vein. The 
angle formed by the guide wire segments in the EJV and 
subclavian vein represents the E-S angle (Figure 1). When 
the operator determined that the E-S angle was suitable, 
sharp recanalization via the EJV was considered. The EJV 
was accessed, and a target was placed at the lower end of the 
obstructive lesion (Figure 2C). The needle of a 5-F Input 
Introducer Sheath (Medtronic, Minneapolis, MN, USA) 
(Figure 2D) was used to cross the occlusion, and the path of 
the needle was guided by multiple orthogonal fluoroscopic 
projections. Once the needle had crossed the lesion, 
venography was performed to rule out extravasation. The 
lesion was primarily dilated with a 6-mm balloon (Cordis, 
Milpitas, CA, USA) (Figure 3A). A guidewire was inserted 
into the EJV from the femoral approach and then snared 
from a brachial approach, establishing a femoral-brachial 
pull-through. The occlusive lesion was further sequentially 
dilated with balloons of various sizes (Cordis) (Figure 3B) 
with a covered fluency stent placed (Bard; Murray Hill, NJ, 
USA) (Figure 3C). The balloons and stents were sized based 
on the diameter measured by contrast venography.

Follow-up and outcomes

The patients’ demographic information and clinical 
outcomes, including technical success, complications, and 
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Figure 1 Illustration of thoracic central veins and different E-S angles. (A) Thoracic central veins; (B) α angle formed by the guide wire 
segments in the EJV and subclavian vein represents the E-S angle; (C) Small E-S angle (α angle) <45° indicates the external jugular vein 
might be too close to transverse plane as an approach for brachiocephalic vein puncture; (D) moderate E-S angles (α angle) between 60°–80° 
are appropriate for sharp recanalization through external jugular vein; (E) large E-S angle (α angle) >80° indicates the external jugular vein 
might be too close to sagittal plane as an approach for brachiocephalic vein puncture; (F) by shoulder elevation maneuver, the external 
jugular vein is aligned in line with brachiocephalic vein, and sharp recanalization is therefore made possible. a: right brachiocephalic vein. b: 
left brachiocephalic vein. c: right internal jugular vein. d: left internal jugular vein. e: right subclavian vein. f: left subclavian vein. g: superior 
vena cava. h: right external jugular vein. i: left external jugular vein. Black arrow: right brachiocephalic vein occlusion. White arrows: 
elevated right subclavian vein and realigned external jugular vein in line with brachiocephalic vein.

patency were recorded. The technical success was defined 
as successful sharp recanalization of brachiocephalic vein 
through EJV followed by balloon angioplasty and stent 
placement, with the restoration of antegrade flow by DSA 
(Figure 3D). Given that chronic hemodialysis patients 
are heparinized during each treatment session, we didn’t 
routinely prescribe anticoagulation therapy for this patient 
cohort. Follow-up tests include vascular ultrasonography 
in patients with increased venous pressure (>150 mmH2O) 
during hemodialysis, or CT angiography for patients with 
limb swelling or decreased subclavian vein blood flow 
by ultrasound. When imaging tests were not available, 
brachiocephalic vein patency was clinically defined as the 
absence of limb swelling/pain or fistula dysfunction. Follow-
up information was collected from the outpatient medical 
record database, hemodialysis database, or by telephone 
calls. The study received approval from the institutional 
ethics committee and complied with the Declaration 

of Helsinki. Informed consent was obtained from all 
participants.

Statistical analysis

Continuous measurement data were expressed as the mean 
± standard deviation. Categorical data were expressed 
as percentages. Calculations of mean values, standard 
deviations, and percentages were performed with Excel 
statistical spreadsheet software (Microsoft; Redmond,  
WA, USA).

Results

Patient characteristics

During the study period, we encountered 20 patients with 
right brachiocephalic vein occlusion that required sharp 
recanalization and was accompanied IJV occlusion. In 4 
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patients, venography indicated an E-S angle <45°, which 
was considered to be unsuitable for sharp recanalization 
through the EJV (as illustrated in Figure 1). Therefore, 
they were subjected to retrograde trans-septal needle 
sharp transversal through the SVC. A total of 16 patients 
who received sharp recanalization through the EJV were 
included in the final analysis. The mean age of the included 
patients was 65.50±9.72 years (range, 47–79 years), and 
10 (62.50%) were female and 6 (37.50%) were male. The 
patients had received maintenance hemodialysis for an 
average of 7.75±3.19 years (range, 3–15 years). All of the 
patients had a history of previous IJV catheterizations. The 
patients had presented with arteriovenous fistula dysfunction 
and limb edema/pain for an average of 10.19±5.46 months 
(range, 1–22 months). None of the patients were on oral 

antiplatelet or anticoagulant drugs. Patient characteristics 
are summarized in Table 1. 

Technical success 

The obstruct ing segments  had a  mean length of  
4.38±1.93 cm (range, 1 to 8 cm). The sharp recanalization 
procedure was successfully performed to restore the 
antegrade flow in all 16 patients, resulting in a technique 
success rate of 100% with a mean operation time of 
122.63±22.01 minutes. Twelve patients (75%), whose 
E-S angles ranged between 60° and 80°, were successfully 
recanalized through the EJV on the first attempt. For the 
remaining 4 patients (25%), the puncture was difficult to 
perform due to the draining of the EJV into the subclavian 

Figure 2 Sharp recanalization of the brachiocephalic vein occlusion through external jugular vein. (A) Brachiocephalic vein occlusion 
approached from brachial and femoral accesses. While arrow: guide wire entered the external jugular vein. Black arrow: proximal end of 
occlusive segment; (B) venography through external jugular vein. Black arrow: distal end of occlusive segment; (C) external jugular vein 
puncture. White arrow: puncture needle into the external jugular vein. Black arrow: target placed at the lower end of the occlusive segment; 
(D) puncture of the brachiocephalic vein occlusion through external jugular vein.
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Figure 3 Balloon dilation and stenting of the brachiocephalic vein occlusion. (A) Primary dilation through external jugular and femoral 
access; (B) secondary dilations through brachial and femoral access after brachial-femoral pull-through; (C) stent being deployed at 
recanalized brachiocephalic vein; (D) stent deployment with the restoration of antegrade flow. Black arrow: balloon dilation. White arrow: 
covered self-expanding stent deployed.

vein at an almost right angle. This problem was resolved by 
elevating the patient’s ipsilateral shoulder to decrease the 
E-S angle, therefore aligning the course of the EJV with 
the medial part of the subclavian and brachiocephalic veins 
(Figure 1).

Clinical outcomes and adverse events

As shown in Table 2, a total of 16 covered self-expanding 
stents, ranging from 8 to 12 mm in diameter and 40 to  
120 mm in length, were deployed in 16 patients. No 
contrast extravasation was revealed in any of the patients by 
repeated contrast venography during graded dilation and at 
the end of the procedure. After the procedure, the patients’ 
limb swelling and pain were ameliorated. Postoperative 
ultrasonography suggested that the fistula flow rates among 
the patients ranged from 700 to 1,000 mL/min, providing 

satisfactory extracorporeal circuit flow for dialysis. 
According to the Society of Interventional Radiology 

(SIR) classification (12) (Table 3), no major complications 
were recorded. Three minor complications (type B) were 
noted: 1 patient (a 62-year-old female) experienced blood 
oozing continuously from the EJV puncture site, which was 
stopped by application of sustained manual pressure and 
subsequent compression dressing for 12 hours; and 2 other 
patients (a 73-year-old male and a 54-year-old female) 
experienced mild chest pain that was attributed to vascular 
dilation and stenting, both of whom were relieved with oral 
non-steroid anti-inflammatory drugs (celecoxib 200 mg qd). 

Follow-up 

After surgery, the patients were followed up for a mean 
time of 10.00±2.53 months (range, 6–14 months). Because 
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Table 2 Clinical outcomes and complications of included patients

Patient 
number

Gender
Age 

(years)

Length of 
segment 

(cm)

E-S  
angle (°)

Shoulder 
elevation 
maneuver

Length of 
operation 

(min)

Technical 
success

Stent deployed 
(diameter × length)

Complications
Follow 

up 
(month)

Patency  
at last 

follow-up

1 Female 54 6 60 No 150 Yes 12 mm × 80 mm Mild chest pain 14 Yes

2 Female 71 6 80 No 120 Yes 8 mm × 80 mm – 14 Yes

3 Male 71 4 80 No 120 Yes 10 mm × 60 mm – 13 Yes

4 Female 58 1 70 No 120 Yes 10 mm × 40 mm – 12 Yes

5 Male 75 5 70 No 72 Yes 10 mm × 80 mm – 12 Yes

6 Female 72 6 80 No 132 Yes 8 mm × 80 mm – 11 Yes

7 Male 68 4 90 Yes 108 Yes 12 mm × 60 mm – 11 No

8 Female 49 4 60 No 120 Yes 10 mm × 60 mm – 10 Yes

9 Male 47 2 60 No 150 Yes 12 mm × 60 mm – 9 Yes

10 Female 63 4 60 No 132 Yes 10 mm × 60 mm – 9 Yes

11 Male 73 3 90 Yes 150 Yes 10 mm × 60 mm Mild chest pain 9 Yes

12 Female 62 3 90 Yes 150 Yes 10 mm × 60 mm Blood oozing 8 Yes

13 Female 77 7 70 No 90 Yes 10 mm × 100 mm – 8 No

14 Male 61 8 70 No 108 Yes 12 mm × 100 mm – 7 No

15 Female 79 2 90 Yes 120 Yes 8 mm × 40 mm – 7 Yes

16 Female 68 5 70 No 120 Yes 10 mm × 60 mm – 6 Yes

Table 1 Basic characteristics of included patients

Sample size N=16

Gender

Male 6 (37.50)

Female 10 (62.50)

Age (years) 65.50±9.72

History of hemodialysis (years) 7.75±3.19

Internal jugular catheterization 16 (100.00)

Presenting symptom

Fistula dysfunction 14 (87.50)

Limb edema/pain 16 (100.00)

History of presenting symptom (months) 10.19±5.46

Diabetes 6 (37.5)

Hypertension 13 (81.25)

The data are shown as mean ± SD or n (%).

only 2 patients underwent follow-up vascular imaging tests, 
vascular patency was clinically defined as the absence of 
limb swelling/pain or fistula dysfunction. At the last follow-
up, 13 brachiocephalic vein reconstructions (81.25%) were 
patent. No long-term procedure-related complications were 
recorded in this cohort.

Discussion 

In nephrology practice, brachiocephalic vein occlusion 
is encountered as a central venous complication among 
hemodialysis patients on a daily basis (13,14). While 
the mainstream treatment of brachiocephalic vein 
occlusion is interventional angioplasty, other therapeutic 
options include surgical bypass, sharp recanalization, 
radiofrequency recanalization and outback reentry device. 
Sharp recanalization is a practical strategy to restore central 
vein patency when the occlusive lesion cannot be treated 
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with blunt guidewire technique (15,16). According to the 
Kidney Disease Outcomes Quality Initiative (KDOQI) 
guidelines, the EJV can be as an alternative point of access 
in patients with occlusion of the IJV (9). Similar to the IJV, 
the location of the EJV, which is adjacent to central venous 
lesions, is advantageous and allows direct needle puncture 
or increased over-the-wire control of sharp devices. 

We hypothesized that the EJV could serve as an 
alternative to an occluded IJV as an approach for angioplasty 
of CVO in selected patients. The present study aimed to 
reveal the efficacy and safety of sharp recanalization for 
brachiocephalic vein occlusion through the EJV in a cohort 
of consecutive hemodialysis patients. According to our 
observations, a 100% technical success rate was achieved 
for all 16 patients and no major complications were 
experienced. In the hands of an experienced practitioner, 
sharp recanalization through the EJV approach could offer 
an effective and safe treatment for right brachiocephalic 
vein occlusion. To our knowledge, this was the first study 
focused on the use of EJV as the vascular access for CVO 
angioplasty.

The EJV starts at the level of the mandible angle, runs 
vertically down the neck along the posterior border of the 
sternocleidomastoid muscle, and terminates at the subclavian 
vein (17). The EJV is tortuous and presents difficulty for 
cannulation. However, in patients with occlusion of central 
veins, the EJV may appear dilated, making it easier to 
puncture. At its distal end, the EJV usually turns medially 
and directs toward the midline to join the subclavian  
vein (18). The E-S angle determines whether the EJV is in 
alignment with the brachiocephalic vein, which makes sharp 
needle recanalization through the EJV possible. 

Among the 20 patients we encountered, 4 had E-S 
angles of less than 45°. Therefore, the direction of the 
needle that was advanced through the EJV was too close 
to the transverse plane to enter the brachiocephalic 
vein; subsequently, these patients underwent another 
recanalization strategy. In another 4 patients whose E-S 
angles were almost 90°, the direction of the puncture 
needle was too close to the sagittal plane to enter the 
brachiocephalic vein. In these cases, the patient’s shoulder 
was then elevated to successfully align the course of the EJV 
with the brachiocephalic vein during sharp recanalization. 
For the remaining 12 patients who were successfully 
recanalized on the first attempt, we determined that E-S 
angles between 60° and 80° were best suited for sharp 
recanalization through the EJV. 

Practitioners need to be aware that sharp recanalization 
through the EJV carries all the risks associated with needle 
revascularization, including extravasation and injury of 
the adjacent structures (19). For long-segment CVO, the 
lesion usually involves more than 1 segment of central 
veins. The obstruction, not surprisingly, could be curved 
at the junctions between different vessels, which make 
sharp recanalization more risky, especially when an atypical 
site like EJV is accessed. Additionally, the “shoulder 
elevation” maneuver carried out to assist with the puncture 
requires a more sophisticated collaboration between the 
interventionist and the assistant for the shoulder to be 
properly fixed. Strict eligibility screening (E-S angle, length 
of lesion) and skillful surgery are essential in applying this 
technique and minimizing the potential risk of adverse 
events. 

Three minor complications were recorded in this 
study. One patient suffered from blood oozing from an 
EJV puncture site, which was successfully managed by 
compression dressing. Because the EJV is superficially 
located and not supported by subcutaneous tissue above it, 
procedures involving the EJV should be performed with 
care to avoid excessive hemorrhaging. Some researchers 
have advised against the direct puncture of the vein, instead 
suggesting that a small track should be created approximately 
1 cm laterally away from the vein to avoid severe  
bleeding (18). Because the EJV can undergo ligation without 
neurologic significance, the risk carried by EJV cannulation 
itself is, fortunately, much lower than that for the IJV (17). 
Since the patients enrolled in this study received heparin 
anticoagulation during hemodialysis, the heparin dosage 
and time interval between dialysis and surgery might have 
influenced the risk of bleeding; however, this was beyond the 

Table 3 Society of interventional radiology complications 
classification

Minor complications

No therapy; no consequence

Nominal therapy; no consequence (including overnight 
admission for observation only)

Major complications

Require therapy; minor hospitalization (<48 h)

Require major therapy; unplanned increase in level of care; 
prolonged hospitalization (>48 h)

Permanent adverse sequelae

Death



Zhao et al. Sharp recanalization of brachiocephalic vein

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(10):640 | http://dx.doi.org/10.21037/atm-20-3015

Page 8 of 9

scope of our current investigation. Future studies are called 
for to identify the potential risk factors of bleeding episodes 
during EJV puncture. Two other patients in our study 
exhibited mild chest pain and were prescribed oral celecoxib. 
Mild chest pain is usually attributed to balloon dilatation 
and stent deployment; it frequently occurs in patients who 
receive angioplastic procedures and, in most cases, can be 
managed with conservative treatment (16).

Our results should be interpreted within the context 
of the study’s limitations. First, due to the limited patient 
volume requiring sharp recanalization through an atypical 
access site, this was a pilot research with a small sample 
size. Our observation is to be further verified by studies 
involving more patients. The lack of a control group and 
the single-center retrospective nature of this study also 
limited its strength of evidence. Second, as previously 
mentioned, most of the patients in our cohort did not 
receive follow-up imaging tests for vascular patency. The 
estimation of the patent rate was therefore based on clinical 
assessments. Third, the patients were followed up for an 
average of only 10 months, and long-term outcomes need 
to be reported in the future. It is also important to note that 
even though we aimed to enroll patients with either left or 
right brachiocephalic vein occlusion, all of the cases in our 
study were right sided. The applicability of our findings 
warrants verification in left brachiocephalic vein occlusions.

In conclusion,  sharp recanal izat ion performed 
by experienced practitioners through the EJV could 
be an effective and safe procedure for treating right 
brachiocephalic vein occlusion in hemodialysis patients. The 
angle formed by the EJV and subclavian vein might provide 
helpful information for patient selection. Prospective 
controlled clinical trials with larger patient volume are 
needed to justify the results of this investigation and to 
provide additional data on the advantages and disadvantages 
of different sharp recanalization strategies. 
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