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patients with thoracic central venous occlusion
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ABSTRACT

Objective: Femoral tunneled cuffed catheters (TCCs) can provide long-term hemodialysis access for patients with
exhausted upper extremity access sites due to thoracic central venous occlusion. However, the use of femoral vein
catheters (FVCs) has reportedly been associated with the risk of infection, malfunction, and discomfort. An inside-out
technique will facilitate chest TCC placement by intentional retrograde extravascularization of the proximal occluded
venous stump into the mediastinum. Next, the wire and small catheter are exteriorized to the skin at the base of the neck
with a small skin incision. Then, the hemodialysis catheter is railed back down to the right atrium. With this technique, we
placed the tip of the catheter into intrathoracic superior vena cava or brachiocephalic vein. In the present study, we
compared the catheter patency of the inside-out technique vs a standard approach for FVC placement.

Methods: The present randomized controlled trial was conducted from May to December 2020. We included 22 patients
requiring long-term hemodialysis with failed recanalization of thoracic central venous occlusion. The patients were
randomized into the surgical inside-out (S-inside-out) group and FVC group.

Results: The S-inside-out and FVC groups included 10 and 12 patients, respectively. All 22 patients had undergone suc-
cessful catheter placement. Catheter survival function was significantly higher for the S-inside-out group than for the FVC
group (100% vs 50%, respectively; P=.017). In addition, the EQ-5D utility score was significantly better for the S-inside-out
group (P = .008). Four cases of catheter infection occurred in the FVC group, but no catheter infection was found in the
S-inside-out group. Procedural-related complications occurred in two patients; one case each of hemothorax and stroke
in the S-inside-out group.

Conclusions: Use of the S-inside-out technique facilitated upper chest TCC placement for hemodialysis patients with
exhausted access sites. This technique provided better catheter survival function, a better quality of life, and a lower

infection rate, which outweighed the procedure risk. (J Vasc Surg Cases Innov Tech 2022;8:885-93.)
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Exhausted vascular access due to thoracic central
venous occlusion (TCVO) is a challenging issue when
attempting to place long-term tunneled cuffed
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catheters (TCCs) in patients requiring hemodialysis.
Femoral vein catheter (FVC) access will be the last
resource for these patients.! However, using a FVC has
been reported to be associated with the risk of infection,
malfunction, iliac stenosis, and inferior vena cava (IVC)
stenosis that can affect the outcome of future kidney
transplantation and to cause discomfort.>”

Inside-out central venous access was introduced in 2011
as a safe method of vascular access that allows for pre-
pectoral placement of conventional pacing and defibril-
lation leads in patients with complex TCVO.2 This
technique involves two procedural steps. The first step
is intentional retrograde extravascularization of the prox-
imal occluded venous stump using the wire and small
catheter into the mediastinum and exteriorizing the
skin at the base of the neck. The second step includes
catheter insertion via a through-and-through wire tech-
nique.®'” The hemodialysis catheter is then railed down
to the right atrium. With this technique, the tip of the he-
modialysis catheter is placed at the intrathoracic right
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brachiocephalic vein (BCV) or superior vena cava (SVC).
Several small case series have shown high success rates
and few complications.”'?

Variations of the devices used in the inside-out tech-
nigue have been described, including the end of a
wire, > needle,'” and commercial devices.'* " The various
methods for accessing the wire out of the body at the
supraclavicular area have included the percutaneous
technique (needle and wire)'®'?'® and the surgical tech-
nique.”"" The potential complications include pneumo-
thorax and pneumohemothorax.'>™

To the best of our knowledge, no comparative study
has focused on the surgical inside-out (S-inside-out)
and FVC catheter techniques for patients with exhausted
access sites. In the present study, we compared these
two techniques in terms of catheter patency. The sec-
ondary outcomes were quality of life, technical success,
perioperative complications, and infection rate.

METHODS

Trial design

The present single-center, prospective, open-label, ran-
domized, controlled noninferiority trial was designed to
compare the catheter patency between the S-inside-
out and FVC techniques for TCC placement in patients
with TCVO who had undergone failed intraluminal
recanalization. All the patients who had fulfilled the in-
clusion criteria were randomly assigned to the S-inside-
out group or FVC group with a 11 allocation using
computer-generated randomization. All the included
patients had provided written informed consent for
participation. The trial was registered in the Thai Clinical
Trials Registry (no. TCTR20210728003). The institutional
human research ethics committee approved the study
(approval no. MURA2020/752), which was performed in
accordance with the principles of the Declaration of Hel-
sinki. The study design is shown in Fig 1.

Participants

From May 2020 through December 2020, 22 patients
for whom intraluminal recanalization of TCVO had failed
were included. The primary aim of our study was to
compare the catheter patency between the two groups.
A literature review revealed that the FVC patency rate
was 32.1% at 3 months.'® In contrast, the catheter survival
rate of the inside-out technique was 100% at 3 months."?
The sample size was calculated with two independent
proportions (two-tailed test). The x? test was to deter-
mine the two independent proportions with 80% power,
a two-sided alpha level of 5%, and a beta level of 20%.
The resulting target sample size was 14 patients.

Eligibility criteria

All the patients with TCVO who had undergone a failed
prior attempt to place an upper central venous catheter
(CVC) were included. All the included patients had
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undergone evaluation for the anatomic criteria using
computed tomography venography. The anatomic
criteria included the position of the adjacent arteries pos-
terior to the veins, no arterial or venous vessel malforma-
tions, and no skeletal abnormalities.®'*'> The anatomic
exclusion criterion for the present study was an occluded
SVC below the azygos vein to avoid wire passage to the
atrial appendage. The other exclusion criteria were pa-
tients with difficulty with introducing endovascular de-
vices from the FVC up to chronic total occlusion sites at
the BCV or SVC. In addition, patients were excluded
from the study if they were aged <18 years, had refused
the intervention, or had had a life expectancy
of <6 months.

Randomization

After eligibility was confirmed and the patients had
provided written informed consent, they were random-
ized in a 1.1 ratio via four-block randomization using the
computerized randomization protocol in Stata, version
15 (StataCorp, College Station, TX). The patients were
assigned to the FVC or S-inside-out groups at the outpa-
tient clinic. The treatment assignment was concealed in
an opague sealed envelope by a research assistant to
reduce any bias from the investigators. The CONSORT
(consolidated standards of reporting trials) diagram for
the present study is shown in Fig 1.

Procedure

All patients had undergone a preoperative assessment
and had received routine preoperative antibiotic prophy-
laxis. Next, the procedure proceeded with use of the
standard mobile C-arm.

FVC group. We performed the procedure for the FVC
group in the operating room under ultrasound-guided
puncture and fluoroscopic guidance. The patients un-
derwent local or general anesthesia according to their
condition using a standard technique. The tip of the
catheter was placed in the disease-free area of the IVC.

S-inside-out group. Before the procedure, the anatomy
was reviewed. The access should be patent from the FVC
(right or left side), iliac veins, and IVC to allow for the
introduction of the endovascular devices from the FVC
up to the chronic total occlusion site at the BCV or
SVC. Because this procedure requires good push-ability
of the wire to penetrate the occluded stump of the
central vein, the access should be straight and not
tortuous. Thus, the right iliac vein was preferred over the
left iliac vein. The straight line from the occluded central
venous stump to the clavicle represents the imaginary
line from the occluded venous stump to the head of the
clavicle (Fig 2). This line indicates the route of wire pas-
sage in the mediastinum. The position of the adjacent
arteries should be posterior to the veins and no arterial or
venous vessel malformations and no skeletal abnormal-
ities should be present.®'>'> The normal anatomy of the



Journal of Vascular Surgery Cases, Innovations and Techniques

Volume 8, Number 4

Kittitirapong et al 887

[ Assessed for eligibility (n=22)]

M

Exclude: No

Randomized (n=22)
Computerized randomization protocol 1:1 basis by Stata, sealed in envelope

¥
Allocation to intervention group
(S-inside-out) n=10

Follow up at 3 months
* No lost to follow-up

10 were included in the intention-to-
treat analysis of the primary outcome

Follow up * No lost to follow-up

Analysis

k4
Allocation to control group
(femoral vein) n=12

Follow up at 3 months

* 2 were dead

l

12 were included in the intention-to-
treat analysis of the primary outcome

Fig 1. CONSORT (consolidated standards of reporting trials) diagram showing enrollment and outcomes. S-

inside-out, Surgical inside-out.

great vessels at the mediastinum, including the aortic
arch, innominate artery, and left carotid artery, is behind
the venous system. The safe passage of the wire was
anterior because no vital structure is anterior to the vein.
The occluded SVC below the azygos vein was excluded
to avoid wire passage to the atrial appendage to prevent
hemopericardium and cardiac tamponade.

All the procedures were performed with the patient un-
der general anesthesia in a setting capable of managing
all possible significant complications. After sterile prepa-
ration, percutaneous access was established at the FVC
under ultrasound guidance. A 6F, 10-cm sheath was
placed in the common femoral vein using the standard
Seldinger technique. A 5F Judkins right 4 catheter
(100 cm; ADROIT Guiding Catheter; Cordis, Cardinal
Health, Baar, Switzerland) and a 0.035-in. angle-tip hy-
drophilic guidewire (260 cm; Radifocus Guide Wire M;
Terumo Corp, Tokyo, Japan) were passed through the
IVC and placed at the distal end of the proximal stump
of venous occlusion, which was either the SVC above
the azygos vein or the right BCV. The coaxial system con-
sisted of a 12F, 50-cm sheath (Braidin Hemostasis Intro-
ducer; APT Medical, Hunan, People’s Republic of China),
an 8F, 60-cm sheath, and a 6F, 90-cm sheath (Dura-
Sheath; Heraeus Medical Components, Medical Interna-
tional GmbH, Dresden, Germany). All coaxial systems
were exchanged via a 0.035-in. guidewire (300 cm; Hi-
Torque Supra Core; Abbott Laboratories, Chicago, IL).
The tip of the 6F sheath was placed at the proximal
end of the occlusion.

Venography was performed to visualize and verify safe
passage. Safe passage was defined as an imaginary
straight line from the stump of the venous occlusion to
the head of the right clavicle. We used the back end of

the 0.035-in. hydrophilic wire supported by the 5-F Jud-
kins right 4 catheter and coaxial sheath system for pene-
trating the wall of the occluded venous stump to the
mediastinal space. With this technique, we intentionally
perforated the stump of the occluded vein (BCV or
SVC) into the mediastinum, not to recanalize the chronic
total occlusion but creating a new passage (extravascular
plane). The exit site following the path through the TCVO
in the inside-out group was the right BCV or SVC, which
was the intrathoracic and intravascular portion of the
proximal part of the occluded vein.

In the mediastinum, we changed the back end of the
0.035-in. hydrophilic wire to the soft tip end of the wire.
We used the knuckle wire technique and navigated the
direction using the catheter. The route of the knuckle
wire was anterior because no vital structure is present
anterior to the vein. It pointed to the head of the right
clavicle. The position of the C-arm changed from ante-
roposterior to a left anterior oblique 30° to 60° angle to
visualize the wire direction. The wire and catheter were
pushed under fluoroscopy guidance until the tip of the
wire had reached the patient’s skin in the supraclavicu-
lar area. During the procedure in the mediastinum, we
did not perform any angiography. Skin tenting was
observed or the surgeon palpated the tip of the cath-
eter. A small incision was created 1.0 to 1.5 cm over
the wire tip. The wire was then pulled out, together
with the catheter, and clamped at both the chest and
the femoral exit sites to create a through-and-through
wire. It then served as a guidewire for TCC insertion.
The TCC was placed in the right pectoral area, and its
tip was placed at the right atrium using the over-the-
wire technique. The steps of the S-inside-out procedure
are shown in Fig 2.
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Fig 2. Surgical inside-out (S-inside-out) procedure. A, The coaxial system consisted of a 12F, 50-cm sheath, an 8F,
60-cm sheath, and a 6F, 90-cm sheath (corresponding to Fig F). The access should be patent from the femoral
vein catheter (FVC), iliac veins, and inferior vein cava (IVC) to allow for introduction of endovascular devices from
the FVC up to the chronic total occlusion site at the brachiocephalic vein (BCV) or superior vena cava (SVC). The
access should be straight and not tortuous (black dashed line). B, The tip of the 6F sheath was placed at the
proximal end of the occlusion (corresponding to Fig C, G, and H). We intentionally perforated the stump of the
occluded vein (BCV or SVC) into the mediastinum and did not recanalize the chronic total occlusion but
created a new passage (extravascular plane) using the back-end of the 0.035-in. hydrophilic wire supported by
the 5F Judkins right 4 catheter and coaxial sheath system (corresponding to Fig H). D, In the mediastinum, we
changed the back end of the 0.035-in. hydrophilic wire to the soft tip end of the wire. We used the knuckle wire
technique and navigated the direction using the catheter (corresponding to Fig I). E, The wire was pulled out of
the skin via a surgical incision. F, view of the coaxial system via fluoroscopy. G, Venography was performed to
visualize and verify safe passage (defined as the imaginary straight line from the stump of the venous occlusion
to the head of the right clavicle; white dashed line). I, The C-arm was positioned at a left anterior oblique 30° to
60° angle to visualize the anterior direction of the wire. 3 and K, The wire was pulled out with the catheter and
clamped at both the chest and the femoral exit sites to create a through-and-through wire. L and M, A dilator
and peel-away sheath were introduced via the through-and-through wire. N and O, A tunneled cuffed catheter
was inserted over the through-and-through wire. The tip of the tunneled cuffed catheter was placed at the right
atrium.
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Postprocedure management

In the FVC group, the patients were observed in the
postprocedure room for 30 minutes. If no complications
had occurred, the patients were discharged and fol-
lowed up at our outpatient clinic. In the S-inside-out
group, the patients were observed in the postanesthesia
care unit for 60 minutes, after which, they returned to
the ward. The patients were discharged and followed
up at the outpatient department if no complications
had developed.

Outcome assessment

The perioperative and immediate postoperative out-
comes were recorded. All the patients had visited an
outpatient clinic at 2 weeks, 1 month, and 3 months post-
operatively. The primary outcome was catheter patency.
The secondary outcomes were technical success, periop-
erative complications, and the infection rate. The EQ-5D
is a standardized patient-reported outcome measure of
health-related quality of life comprising five dimensions:
mobility, self-care, usual activities, pain and discomfort,
and anxiety and depression. The EQ-5D-5L quality-of-
life questionnaire was administered to the patients at 1
and 3 months after the procedure by a research assistant
who was unaware of the intervention.

Statistical analysis

The categorical variables are reported as counts and
percentages and were compared using the ¥? test or
the Fisher exact test according to the sample size. The
continuous variables are reported as the mean =+ stan-
dard deviation and were compared using the unpaired
t test for normally distributed variables. Non-normally
distributed variables are reported as the median and
interquartile range and were compared using the
Mann-Whitney U test. A P value of < .05 was considered
statistically significant. All analyses were intention-to-
treat and performed with Stata, version 15 (StataCorp).
Catheter patency was calculated using the Kaplan-
Meier method and a Cox proportional hazards model.
The human research ethics committee approved the
present study protocol and acquisition of informed con-
sent, and all included patients had provided written
informed consent.

RESULTS

From May 2020 to December 2020, 22 patients had
had a diagnosis of TCVO and were enrolled in the pre-
sent study. Of the 22 patients, 10 were randomly assigned
to the S-inside-out group and 12 to the FVC group. No pa-
tient was excluded from the present study. The two
groups did not significantly differ in the baseline charac-
teristics, including age, underlying disease, and history of
femoral catheterization. One patient had undergone
chest surgery with coronary artery bypass grafting. One
patient had had curable cancer with a good prognosis.
Most patients had had type 3 TCVO (45%), and the
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Table I. Demographic data

Age, years 64 (IQR, 24) 58 (IQR, 35).766"
Male gender 6 (60) 7 (58) .999
Body mass index, kg/m? 24 (IQR, 6) 24 (IQR,5) .391°
Diabetes mellitus 3 (30) 6(50)  415°
Hypertension 9 (90) 12 (100) 455
Dyslipidemia 6 (60) 6 (50) .691
Peripheral arterial disease 2 (20) 4 (33) 484°
Congestive heart failure 2 (20) 3 (25) 999°
Arrhythmia 3 (30) 3 (25) 999"
Autoimmune disease 1(10) 0 (0) 455
Cancer 1(10) 1(8) 999°
History of chemotherapy 1(10) 0 (0) 455P
Previous chest surgery 0 (0) 1(8) 999"
Previous abdominal surgery 0 (0) 1(8) 999°
Previous femoral tunneled 9 (90) 8 (67) 323

cuffed catheter
HD frequency (times/wk) 3 (IQR, 0) 3 (IQR, O) NA®
Signs of upper extremity 3 (30) 5 (42) 675"

venous hypertension
Type of TCVO 217

1 0 (0) 1(8)

2 2 (20) 2 (17)

3 4 (40) 6 (50)

4 4 (40) 3 (25)
Previous stent at TCVO 2 (20) 2 (17) .999

FVC, Femoral vein catheter; HD, hemodialysis; IQR, interquartile range;
NA, not applicable; S-inside-out, surgical inside-out group; TCVO,
thoracic central venous occlusion.

Data presented as mean * standard deviation, number (%), or median
(IQR).

Mann-Whitney U test.

PFisher exact test.

most common indication for intervention was bilateral
TCVO (86%), which was the left BCV and right BCV or
SVC occlusion. Of the 10 S-inside-out patients, 3 had un-
dergone recanalization from the SVC to the skin at the
base of the neck and 7 from the right BCV. The mean
length of recanalization was 15.1 = 1.4 cm. No difference
was found in the type of TCVO, indication for interven-
tion, or previous stent placement in the TCVO between
the two groups (Table |).

The surgical procedures, related events, and outcomes
are shown in Table II. All 10 patients in the S-inside-out
group had received general anesthesia and had been
admitted to the hospital in accordance with our proce-
dural safety protocol. In contrast, most patients in the
FVC group had received local anesthesia. Two patients
had required general anesthesia because of their condi-
tion. The technical success rate was 100% in both groups.
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Table Il. Surgical procedures and results
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Inpatient admission 10 (100) 2 (17) <.001"
General anesthesia 10 (100) 2 (17) <.0071°
Technical success 10 (100) 12 (100) NA
Procedural-related complications 1(10) 0 (0) 455°
Operative time, minutes 108 (IQR, 70) 35 (IQR, 15) .007°
Length of stay, days 43 (IQR, 6) 1.92 (IQR, O) <.001°
Perioperative mortality 0 (0) 2 (17) 481°
Catheter patency within 90 days 10 (100) 6 (50) .015
Infection within 90 days 0 (0) 4 (33) 096"

FVC, Femoral vein catheter; IQR, interquartile range; NA, not applicable; S-inside-out, surgical inside-out group.

Data presented as number (%) or median (IQR).
2Fisher exact test.
PMann-Whitney U test.

Two procedural-related complications occurred in the
S-inside-out group. One patient had developed a right
pneumohemothorax and underwent immediate chest
tube insertion for intraoperative treatment. The patient
was admitted for 9 days and discharged without perma-
nent damage.

Another patient in the S-inside-out group had experi-
enced an in-hospital stroke. This patient had experi-
enced atrial fibrillation and was receiving warfarin
therapy, which had been stopped for 2 weeks before sur-
gery by the referral doctor. The procedure was straight-
forward during the operation, and the hemodynamics
were stable. She was awake during the immediate post-
operative period, with full consciousness, stable vital
signs, and no weakness. At 1 day after the procedure,
the patient had developed right-side weakness. The
symptom was on the same side of the procedure but
did not correspond to the lesion if we had directly
injured the right common carotid artery or innominate
artery. Computed tomography of the brain showed a
hypodensity lesion of the left internal capsule, likely
from a cardioembolic cause. In this patient, the cause
of stroke might have been a cardioembolic cause from
stopping the anticoagulant therapy more than from
the hemodynamic changes during the procedure.

During the 3-month follow-up, the catheter patency
was significantly better in the S-inside-out group than
in the FVC group (100% vs 50%; P < .015). The catheter
infection rate in the S-inside-out group tended to be
lower than that in the FVC group (0% vs 33%; P = .096;
Table Ill). The Kaplan-Meier survival curve showed that
the 300-day catheter patency rate in the S-inside-out
group was significantly higher than that in the FVC group
(100% vs 50%; P < .015; Fig 3). No reinterventions were
required for the S-inside-out group. In the FVC group,
one patient had developed a catheter-related blood-
stream infection and three patients had had a

nonfunctioning TCC. We removed the FVC and inserted
the new femoral TCC after controlling the catheter-
related bloodstream infection. For the nonfunctioning
TCC, two patients had undergone rewiring exchange of
the catheter and one patient had undergone inside-out
TCC.

Two patients in the FVC group had died of non—
catheter-related underlying disease progression. All the
patients were in the same allocated group for the
intention-to-treat analysis. The first patient had had renal
cell carcinoma. After FVC TCC insertion, open radical ne-
phrectomy was performed. During the postoperative
period, the patient’s underlying disease worsened, and
he denied further treatment, including hemodialysis.
The second patient had died of a cardiac problem
1 month after FVC TCC insertion.

The EQ-5D 5L quality-of-life questionnaire was used to
evaluate the patients’ quality of life (Table lll). The EQ-
5D utility score for the S-inside-out group was signifi-
cantly better than that for the FVC group (0.08 vs 0.38;
P = .008). In addition, the pain/comfort domain in the
S-inside-out group was significantly better than that for
the FVC group.

DISCUSSION

According to the 2019 Society of Interventional Radi-
ology reporting standards for thoracic central vein
obstruction,'”” TCVO can be categorized into four types.
TCVO often occurs in the right internal jugular vein
(I3V).'® The options for a CVC for patients with an
occluded right 13V are the left 13V, right SCV, and FVC
insertion. Left-side catheter placement can result in
reduced catheter blood flow, a higher risk of venous
thrombosis or stenosis,'® and interference with ipsilateral
arteriovenous fistula maturation and access survival.”%*'
These disadvantages led to the concept of the "always
right approach." However, right SCV catheterization can
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Table Ill. Assessment of quality of life using utility score and EQ-5D 5L quality-of-life score after procedure

EQ-5D 5L quality-of-life score 79.9 (15) 75.5 (20) 204

No problem 7 (78) 4 (40)

Moderate problem 0 (0) 1(10)

Could not walk 0 (0) 2 (20)

No problem 7 (70) 2 (18)

Moderate problem 0 (0) 2 (18)

Could not perform self-care 0 (0) 1(9)

No problem 7 (70) 5 (46)

Moderate limitation 1(10) 2 (18)

Cannot perform activity 0 (0) 1(9)

No problem 9 (90) 3 (27)

Moderate problem 0 (0) 4 (37)

Very severe problem 0 (0) 1(9)

No problem 9 (90) 6 (55)

Moderate problem 0 (0) 2 (18)

Very severe problem 0 (0) 1(9)

lead to problematic future ipsilateral arteriovenous fis-
tula function.'® This disadvantage has led to the idea of
the "never subclavian approach." According to these
two concepts, some patients with an occluded right 1VJ]
will undergo CVC at the FVC to preserve future bilateral
extremity vascular access.

For patients with bilateral TCVO, alternative techniques
for achieving CVC via the lumbar, hepatic, renal, or
femoral veins or traversing the obstruction using a sharp
recanalization procedure have been reported.?? Each of
these techniques can increase the risk of procedure-
related adverse events, decreased catheter patency,
and loss of candidacy for kidney transplantation.”?"?? pe-
ripheral arterial disease is common in patients with

end-stage renal disease, accounting for 25%, especially
in patients with prolonged dialysis.?>?* Peripheral arterial
disease was one of the contraindications for creating an
arteriovenous bridge graft at the lower extremity to pre-
vent steal syndrome. The inside-out technique is poten-
tially beneficial for patients with bilateral TCVO, those
who require the “always-right approach,” and those
who need the never-subclavian approach.'”

To the best of our knowledge, the present study is the
first randomized controlled trial to compare the catheter
patency after TCC insertion using the S-inside-out tech-
nique for hemodialysis patients with TCVO vs conven-
tional FVC TCC insertion. The catheter function in the
S-inside-out group showed 100% patency at the
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Fig 3. Kaplan-Meier survival analysis of catheter patency.
CFV, Conventional femoral venous catheter.
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3-month follow-up, which was significantly better than
that in the FVC group (50% malfunction). In addition,
our study’'s technical success rate for S-inside-out TCC
placement was 100%. This result is consistent with those
from other studies, mainly case series. The patency and
technical success rate of the inside-out technique has
exceeded 82% and 97% to 100%, respectively.®1°">
Therefore, considering the high technical success rate
and longer patency, our results have confirmed that
the S-inside-out approach for patients with TCVO will
provide better catheter function than the FVC technique.

The S-inside-out group also showed a lower rate of
infection. Despite the lack of statistical significance, the
33% catheter infection rate in the FVC group at 3 months
is highly valued in clinical practice. This higher infection
rate had probably resulted from differences in cleanli-
ness between the location of the catheter in the groin
area and that in the chest and because the chest loca-
tion facilitated easier catheter self-care.

The EQ-5D scores were divided into five essential daily
life function domains to assess the quality of life. The pa-
tients in the S-inside-out group had had significantly bet-
ter pain/comfort scores than those in the FVC group. The
other domains (mobilization, self-care, daily activity, and
depression/anxiety) also tended to be better for the S-in-
side-out group than for the FVC group. These findings
might indicate that patients who undergo S-inside-out
TCC placement will have a better quality of life than
those who undergo FVC TCC placement.

One patient in the S-inside-out group had developed a
procedure-related complication (pneumohemothorax).
This patient had had type 4 TCVO with extensive collat-
eral vessels. According to the literature®'*"® the long-
occluded segment and marked collateral vessels might
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have been the factors that caused this complication.
Some series have reported procedure-related complica-
tions in one or two patients.2'°"® Hadziomerovic et al'®
reported that two of nine patients had developed pneu-
mothorax using the inside-out technique for TCC inser-
tion. Galas and Shahverdyan'* reported a case series
using a Surfacer commercial set (Bluegrass Vascular
Technologies, San Antonio, TX) for inside-out TCC inser-
tion in 10 patients, of whom 2 had developed pneumo-
hemothorax during the procedure. To avoid this
complication, first, the anatomic criteria for a safe
inside-out technique should include TCVO with =1 cm
of patent SVC above the right atrium and no significant
collateral vessels. Second, during the procedure, the
wire should kept in the medial and anterior direction
during the passage of the wire in the mediastinum.'®
To visualize the wire passage, the C-arm position should
be changed from an anteroposterior to a left anterior
oblique 30° to 60° angle to visualize the wire direction.
The feedback sensation of resistance is essential. The
absence of feedback sensation of the wire in the pleura
and the direction of the wire in the lateral direction to
the apex of the lung will result in hemothorax or pneu-
mothorax. Immediate detection and prompt intraopera-
tive treatment with a chest tube are essential to
treatment. No perioperative deaths occurred in the S-in-
side-out group in the present study.

Overall, S-inside-out TCC insertion resulted in longer
catheter patency, better catheter usage, a better quality
of life, and less infection. However, it requires a skilled
operative technique, involves a certain level of operative
risk, requires awareness of the possible complications,
and has a higher cost. Nevertheless, concerning the clin-
ical application, S-inside-out TCC insertion is a good op-
tion for patients with an active lifestyle, a long life
expectancy, and a low operative risk among those with
bilateral TCVO, those who require the “always right
approach,” and those who require the never-subclavian
approach. In addition, the S-inside-out technique is valu-
able for kidney transplantation candidates to prevent
further iliac vein and IVC occlusion from catheter
placement.

Study limitations. The main limitation of the present
study was the small sample size, which resulted from
the rare condition of exhausted access sites for patients
requiring hemodialysis. Future studies should recruit
more patients, extend the follow-up time, and examine
the effects of catheter placement for future kidney
transplantation.

CONCLUSIONS
The S-inside-out technique facilitated upper chest TCC
placement for hemodialysis in patients with exhausted
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access sites. In addition, using an upper chest catheter
provided better catheter survival function, a higher utility
score, a better quality of life, and a lower infection rate
compared with the FVC technique.
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