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Background: Central vein occlusion (CVO) is a serious problem in hemodialysis patients. There is an
unsatisfactory result for refractory CVO by sharp recanalization alone. This study evaluated the efficacy and
safety of blunt impingement followed by sharp recanalization for the treatment of CVO in hemodialysis
patients.

Methods: This study retrospectively examined hemodialysis patients with CVO who failed to recanalize
using standard guidewire and catheter techniques in our department. In the first instance, all CVOs
were recanalized using blunt impingement techniques, including a 6-Fr long sheath (Cook Incorporated,
Bloomington, IN USA) and an 8-Fr sheath of Rosch-Uchida Transjugular Liver Access Set (RUPS-100;
Cook Incorporated, Bloomington, IN, USA). If this was not successful, sharp recanalization devices were
applied, including the stiff tip of a guidewire (Terumo, Tokyo, Japan), the RUPS-100, and the percutaneous
transhepatic cholangial drainage (PT'CD) needle (Cook Incorporated, USA). All patients were followed up at
least 4 months postoperatively. The technical success rate, arteriovenous access patency rates, and operation-
related complications were analyzed.

Results: The procedural success rate was 100.0% (30 of 30). Thirty patients with CVO underwent blunt
impingement with a technique success rate of 70.0% (21 of 30), and 9 patients received sharp recanalization
after failed blunt impingement, with a technique success rate of 100.0% (9 of 9). The primary patency rates
at 6 and 12 months postoperatively were 86.7% and 53.3%, respectively. The primary assisted patency
rates were 93.3% and 63.3%, and the secondary patency rates were 93.3% and 70.0% at 6 and 12 months,
respectively. One major procedure-related complication was detected, namely, a small injury of the superior
vena cava (SVC) wall in a patient receiving recanalization via the stiff end of a guidewire, but this did not
require further treatment.

Conclusions: It is potentially effective and safe for interventionalists to use blunt impingement followed
by sharp recanalization techniques to treat chronic CVO that is refractory to traversal using traditional
catheter and guidewire techniques.
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Introduction

Although hemodialysis is effective in sustaining the life of
patients with renal failure, it is associated with potentially
serious complications such as occlusion or stenosis of
vascular access. Occlusions or stenoses in any part of the
dialysis vascular access, particularly central vein occlusions
(CVOs), disrupt hemodialysis access function and can result
in hospitalization or death. The incidence of central vein
diseases has been reported in the literature to be as high
as 50% (1-3). The lesion may be due to initial damage to
the vascular endothelium as a result of the placement of
a central venous catheter (CVC), and this can lead to a
local inflammatory response and finally, fibrosis (4). Long-
term CVC use in patients on maintenance hemodialysis is
the most common risk factor for central vein diseases (5).
Additionally, the risks associated with subclavian catheter
insertion are particularly high, with the incidence of
subclavian vein (SV) stenosis being up to 50% (6).

Traditionally, endovascular intervention is the first-
line treatment for CVO, as it is a minimally invasive
approach with lower morbidity and mortality than surgical
intervention. Endovascular techniques to treat CVO
include percutaneous transluminal angioplasty (PTA), bare
metal stent placement, and covered stent implantation or
stent graft insertion (6). However, it has been reported that
refractory CVO cannot be recanalized using traditional
catheter and guidewire techniques (7,8). Therefore, sharp
recanalization with more procedure-related complications,
such as a Chiba needle, the stiff end of a hydrophilic wire,
and transseptal needle, has been gradually applied to the
treatment of challenging CVO (9-11). Currently, blunt
impingement for refractory CVO is rarely reported.

The current study evaluated the efficacy and safety of
blunt impingement followed by a sharp recanalization
technique to treat patients with CVO. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3131/rc).

Methods
Study population

"This retrospective observational study included hemodialysis
patients who received recanalization of a chronic CVO
between January 2019 and August 2021 at the West China
Hospital of Sichuan University. The following inclusion
criteria were applied: (I) patients with a CVO leading to
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dysfunction of vascular access; (II) patients who failed to
recanalize using a catheter and guidewire technique; (I1I)
patients who were males or nonpregnant females aged
18-90 years old; and (IV) patients who provided informed
consent for surgery. Patients who had previously undergone
open surgical treatment for CVO and patients who were
unable to tolerate surgery due to underlying diseases or
advanced age were excluded. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Ethics Committee
on Biomedical Research at the West China Hospital of
Sichuan University (No. 20211382). Individual consent for
this retrospective analysis was waived.

Procedures

All procedures were performed by interventionalists under
local anesthesia. Preoperative computed tomography
chest angiography was performed for all patients, and
intraoperative digital subtraction angiography (DSA)
was performed to identify the CVO, including the
brachiocephalic vein (BV), the SV, and the superior vena
cava (SVQC). The blunt impingement technique used a 4-Fr
angiographic catheter (VER135°, Cordis, Corporation,
Miami, FL, USA) with blunt impingement along the
residual vascular tractus with support provided by a 6-Fr
long sheath or an 8-Fr RUPS-100 sheath. First, a 0.035-inch
hydrophilic guidewire (Terumo, Tokyo, Japan) and a 4-Fr
angiographic catheter were successively introduced into
the distal end of the CVO from a 6-Fr long sheath or an
8-Fr RUPS-100 sheath. A 4-Fr angiographic catheter was
then used to impinge the distal end of the lesion repeatedly,
with assistance from a 6-Fr long sheath or an 8-Fr RUPS-
100 sheath when traditional guidewire and catheter
techniques had failed (Figures 1,2). The key element of the
procedure was to obtain sufficient support from a 6-Fr long
sheath or an 8-Fr RUPS-100 sheath. Sharp recanalization
using the stiff tip of a guidewire (Figure 3), a RUPS-100
(Figure 4), or a PTCD needle (Figure 5), was applied if the
blunt impingement techniques failed.

Endpoints and statistical analysis

The primary endpoints included technique success and
procedure-related complications, and the secondary
outcomes were arteriovenous access patency rates at 6 and
12 months. Procedure success was defined as successful
recanalization of the CVO, with angiography showing
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Figure 1 Procedure of the blunt impingement technique for recanalization of the occlusion of the RSV and the RBV. (A) Venography from

the arteriovenous fistula of the right upper extremity showing the distal end of subclavian venous occlusion. (B) A 6-Fr introducer catheter
was introduced into the lesion through the arteriovenous fistula. (C) A 4-Fr angiographic catheter was used to impinge the occluded segment
of the RSV until it successfully crosses the lesion. (D) The 4-Fr angiographic catheter was used to repeatedly impinge the distal end of the
RBV occlusion, with assistance and sufficient support from a 6-Fr long sheath, without success. (E) A 9-Fr long sheath was then introduced
into the distal end of the SVC to act as a target for the 4-Fr angiographic catheter blunt impingement. (F) The distal end of the RBV
occlusion was impinged again using a 4-Fr angiographic catheter and the SVC was reached successfully. (G) A guidewire from the femoral
vein approach was snared from the SV. (H) A venogram showing the LSV was still narrow after balloon dilation. (I) An angiography indicted
that the lesion was still narrow after the implantation of the 10-mm covered stent (W. L. Gore & Associates, USA). (J) A repeat venography
revealed that complete restoration of patency was achieved after placement of the 10-mm bare stent (Cordis Corporation, USA). RSV, right
subclavian vein; RBV, right brachiocephalic vein; SVC, superior vena cava; SV, subclavian vein; LSV, left subclavian vein.

apparent recovery of the lesion post-procedure and no and secondary were assessed using the Kaplan-Meier
serious complications. Patency rates were defined as

described in Sidawy er al. (12). The patients were followed

method. All statistical analyses were performed using the
SPSS 26.0 software for Windows.

up every 3 months after surgery and assessed patency
and complications. Descriptive statistics for patient Results
characteristics are expressed as the mean = standard

deviation (SD) with normal distributions and as medians Demographic data for the 30 cases included in this study

with skewed distributions. Categorical variables are
expressed as percentages (n). The patency rates of primary
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are presented in Table 1. As shown, the average age of
the study cohort was 62.0+11.2 years, and there were 19
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Figure 2 The procedure for the blunt impingement technique for the LBV occlusion. (A) An angiography showing complete occlusion of

the LBV. (B) With the support of a 6-long sheath, a 4-Fr angiographic catheter was used to impinge the lesion. (C) Balloon angioplasty of

the occlusive LBV. (D) Postangioplasty venography revealed complete restoration of patency of the LBV. LBV, left brachiocephalic vein.

Figure 3 The stiff tip of the guidewire was used to recanalize the SVC occlusion. (A) A venogram showing the SVC occlusion. (B,C) The

stiff tip of a hydrophilic guidewire crossed the SVC occlusion. (D) A second angiogram showing that a small amount of contrast was able

to enter the right atrium through the residual slit in the occluded segment, and the hydrophilic guidewire passed the lesion successfully. (E)

The lesion recovered well after balloon dilation. SVC, superior vena cava.

(63.3%) males. The average duration of hemodialysis was
78.2+52.4 months. The mean lesion length was 31.3+15.0 mm
in the 30 patients, with occlusion of only the BV in 6
patients (20.0%), occlusion of the SV in 12 cases (40.0%),
occlusion of the SVC in 4 patients (13.3%), occlusion in
both the SV and BV in 6 patients (20.0%), and occlusion in
both the BV and the SVC in 2 cases (6.7 %) (Table 2).

© Annals of Translational Medicine. All rights reserved.

The technique was performed successfully in all
30 patients (100.0%). The success rate of the blunt
impingement technique was 70.0% (21/30), including
a 6-Fr long sheath success rate of 69.2% (18/26) and a
RUPS-100 sheath success rate of 75.0% (3/4) (Table 3).
The remaining patients (n=9, 30.0%) underwent sharp
recanalization after the blunt impingement techniques
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Figure 4 The RUPS-100 recanalized the SVC occlusion. (A,B) The venography revealed complete occlusion of the SVC. (C,D) The SVC
was punctured using a PTCD needle from below the lateral head of the sternocleidomastoid muscle via the right neck. (E) The PTCD
needle was placed at the distal end of the SVC. (F,G) A sdff guidewire was introduced into the RUPS-100 metal sheath from the right neck. (H)

A venogram showing a 4-Fr catheter located in the right atrium after successful sharp recanalization. (I) A 6-mm balloon dilation. RUPS,

Rosch-Uchida Transjugular Liver Access Set; SVC, superior vena cava; PT'CD, percutaneous transhepatic cholangial drainage.

failed, and among them, 3 patients (10.0%) received
treatment with the stiff end of a guidewire, 3 patients
(10.0%) had a RUPS-100, and 3 patients (10.0%) had a
PTCD needle, with a procedure success rate of 100.0%
(9/9) (1able 3). PTA alone was performed in only 4 cases
(13.3%), while balloon dilation and stenting were used
in 26 cases (86.7%) (1luble 3). One patient presented with
a small injury to the wall of the SVC after recanalization
with the stiff end of a guidewire, but this did not require
further treatment (Table 3).

The median follow-up period was 12 (range, 4—
26) months. The patency rates of primary, primary-assisted,
and secondary treatment at 6 months were 86.7%, 93.3%,

© Annals of Translational Medicine. All rights reserved.

and 93.3%, respectively. The patency rates of primary,
primary-assisted, and secondary treatment at 12 months
were 53.3%, 63.3%, and 70.0%, respectively (Figure 6). One
patient (3.3%) was lost to follow-up at 8 months. Three
patients (10.0%) developed restenosis of lesions, and 3
patients (10.0%) developed complete CVO. The blood flow
improved significantly in patients with lesion restenosis and
occlusion after balloon dilation and stent placement. At the
5-month follow-up, 1 patient (3.3%) with left innominate
vein occlusion underwent renal transplantation and
recovered well after the operation. One patient (3.3%) with
SVC occlusion died of cerebral hemorrhage at 7 months
post-operation.
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Figure 5 The procedure for PTCD needle puncture of the occlusion of the RBV. (A) and (B) A venogram showing the PTCD needle
directly punctured the distal end of the RBV using a snare as a target. (C) The PTCD sheath was placed in the SVC. (D) The second

snare grasped a guidewire from the right femoral vein access. (E) The lesion recovered well after balloon dilation and stenting. PTCD,

percutaneous transhepatic cholangial drainage; RBV, right brachiocephalic vein; SVC, superior vena cava.

Table 1 The basic characteristics of the included patients

Table 2 Occlusion characteristics

Variables Number of patients Characteristics Patients (n=30)
Sample size 30 Lesion length (mm), mean + SD [range] 31.3+15.0 [6-70]
Sex, n (%) Lesion location, n (%)
Male 19 (63.3) RSV 8(26.7)
Female 11 (36.7) LSV 4(13.3)
Age (years), mean + SD [range] 62.0+11.2 [37-83] RBV 3(10.0)
Dialysis duration (months), mean + SD [range] 78.2+52.4 [3-238] LBV 3(10.0)
Primary diseases, n (%) SVC 4(13.3)
Primary glomerulonephritis 14 (46.7) RSV + RBV 2 (6.7)
Diabetic nephropathy 7 (23.3) LSV + LBV 4 (13.3)
Hypertensive kidney disease 7 (23.3) RBV + SVC 1(3.3
Polycystic kidney disease 1(3.3) LBV + SVC 1(3.3)
Other 1(3.3) SD, standard deviation; RSV, right subclavian vein; LSV, left

SD, standard deviation.

Discussion

In this retrospective observational study, the technical
success rate for blunt impingement followed by sharp
recanalization was significantly higher than that for sharp
recanalization alone. The patency rates of primary, primary-
assisted, and secondary treatment at 6 months were greater
than 85.0%. No severe procedure-related complications
were observed.

© Annals of Translational Medicine. All rights reserved.

subclavian vein; RBV, right brachiocephalic vein; LBV, left
brachiocephalic vein; SVC, superior vena cava.

CVO is a severe complication in hemodialysis patients.
These occluded lesions can lead to significant venous
hypertension, which can lead to headaches, dizziness,
coughing, and even cerebral edema and hemorrhage of
the upper gastrointestinal tract (4,13). Currently, surgical
and endovascular interventions are the main treatments for
CVO. Although surgical treatment of central venous lesions
has yielded good results, surgical procedures are more
invasive than endovascular treatments and are usually not
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Outcomes Patients (%) Technique success (%) Complications
Balloon dilation 30 (100.0) 30/30 (100.0) No
Balloon dilation and stenting 26 (86.7) 26/26 (100.0) No
Blunt impingement
Long sheath 26 (86.7) 18/26 (69.2) No
RUPS-100 sheath 4(13.3) 3/4 (75.0) No
Sharp recanalization
A stiff end of guidewire 3(10.0) 3/3 (100.0) One injury of SVC wall
RUPS-100 3(10.0) 3/3 (100.0) No
PCTD needle 3(10.0) 3/3(100.0) No
Blunt impingement followed by sharp 30 (100.0) 30/30 (100.0) One injury of SVC wall

recanalization technique

PTCD, percutaneous transhepatic cholangial drainage; SVC, superior vena cava; RUPS, Rosch-Uchida Transjugular Liver Access Set.
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Figure 6 Kaplan-Meier curves of primary, primary assisted, and

secondary patency rates post-operation.

the first choice for therapy (14,15). Endovascular treatment
remains the mainstay of treatment in hemodialysis of
patients with CVO, with good efficacy and safety (3,16-18).
The key to endovascular treatment is guidewire passage
through the occluded segment. However, in 42-49% of
patients, there is a failure to cross lesions of the central vein
using standard guidewire and catheter techniques (11,19).
This is the first report to discuss the efficacy and safety of
blunt impingement followed by the sharp recanalization in
hemodialysis patients with CVO. In this study, the technique
success rate was significantly higher than that in previous
studies, with fewer complications. ReindI-Schwaighofer

© Annals of Translational Medicine. All rights reserved.

et al. (20) reported on an inside-out access (IOA) device used
to treat thoracic CVO with a technique success rate of 97%
(38 of 39 cases). However, it cannot be used through the left
femoral vein, and tight angles cannot be overcome, which
seriously limits its application. Arabi er 4l. (21) reported an
85.7% success rate in gaining dialysis access in 7 patients
with CVO by means of a septal puncture needle through
the femoral vein or upper limb, although two complications
of a right hemothorax and a hemopericardium occurred.
A study by Goo et al. (22) reported the use of a Résch-
Uchida needle to recanalize CVO, with a success rate of
93.9% (31 of 33 procedures), although 1 patient presented
with shoulder pain for up to 2 weeks. In 2019, Majdalany
et al. (23) performed radiofrequency wire recanalization
to traverse chronic occlusions after failing conventional
techniques, with a technical success rate of 89% (17 of
19 cases), but one patient presented with severe injury to
the inferior vena cava. Yang et a/l. (10) reported occlusive
SVC lesions penetrated by the stiff end of a guidewire with
the assistance of a guide wire through the femoral vein,
which achieved a technique success rate of 87.5% (14/16).
In 2020, we reported the use of a transseptal needle in 16
cases with BV occlusion, with a low success rate of 81.25%
(13/16). The septal puncture needle was too stiff to pass
through tight angles (24). In the current study, the blunt
impingement technique was initially applied to all patients
who failed the standard catheter guidewire technique. This
technique, involving a 4-Fr catheter blunt impingement and

support from a long sheath or a RUPS-100 sheath, greatly
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reduced the incidence of procedure-related complications.
In addition, one reason for the higher procedure success
rates may be that blunt impingement shortened the
lesion length, which provided better conditions for sharp
recanalization. The patency rates in our study were not
significantly higher than those in previous studies (10,25).
The “mother-child” technique was previously used in 45
patients with total CVO, with primary patency rates at 6
and 12 months of 81.0% and 47.1%, respectively, and the
assisted primary patency rates were 91.2% and 91.2%,
respectively (25). In 2020, Yang er a/l. (10) reported on a
stiff guidewire recanalized SVC occlusion with catheter
patency rates at 6 and 12 months of 92.85% and 58.33%,
respectively. Therefore, repeated interventions may be
required to maintain patency of vascular access in this
study. Furthermore, the lower 12-month patency rate was
mainly due to 8 patients with less than 12 months of follow-
up post-surgery, which substantially influenced the long-
term patency rate. In conclusion, our technique may offer
an alternative approach for patients with refractory central
venous occlusion.

There were some limitations to this investigation,
including the lack of a control group and the observational
design of the study. In addition, although no severe
complications were observed, the sample size of the study
was small. Therefore, future research is warranted to
further validate the efficacy and safety of this study and
other recanalization methods.

In summary, it is potentially effective and safe for
interventional nephrologists to use blunt impingement
followed by a sharp recanalization technique for chronic
CVO that is refractory to traversal using standard catheter
and guidewire techniques. This strategy has a higher success
rate and fewer complications than sharp recanalization
alone.
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