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Abstract

cannulation and then catheter removal were performed.

occlusion.

Background: Generally, the preferred route of vascular access in chronic kidney disease patients is an arteriovenous
fistula (AVF) rather than grafts. However, approximately 7% of 300,000 Japanese hemodialysis (HD) patients continue
to dialyze with grafts. In patients who have arteriovenous grafts (AVGs), complications such as thrombosis,
hemorrhaging, and infection are common, resulting in lower graft patency. Therefore, in our hospital, to improve
graft patency, cases requiring HD immediately after AVG surgery (vascular access occlusion) undergo placement of
a tunneled (cuffed) permanent catheter in the internal jugular vein at the time of AVG creation to eliminate
preemptive interventions in grafts at risk for thrombosis, hematoma, and infection. We use a tunneled permanent
catheter instead of a nontunneled (noncuffed) temporary catheter because nontunneled temporary catheters often
require replacement due to catheter-related bacteremia and thrombotic occlusion before the first cannulation.

Case presentation: Here, we present four conventional HD patients who had vascular access occlusion and
required HD immediately after AVG surgery. The patients underwent placement of a tunneled permanent catheter
for temporary vascular access in AVG creation. Once edema in the access arm had completely improved, the first

Conclusions: In conclusion, while the duration between AVG creation and its first use on HD has been prolonged,
graft patency has been good. Although additional cases are required to confirm the efficacy of this approach, this
finding enables the dialysis community to consider the initiation of AVG use immediately in cases of vascular access
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Background

Generally, the preferred route of vascular access in chronic
kidney disease patients is an arteriovenous fistula (AVF) ra-
ther than grafts. However, approximately 7% of 300,000
Japanese hemodialysis (HD) patients continue to dialyze
with grafts [1, 2]. In patients who have arteriovenous grafts
(AVGs), complications such as thrombosis, hemorrhaging,
and infection are common, resulting in lower graft patency
[3, 4]. Therefore, in our hospital, to improve graft patency,
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cases requiring HD immediately after AVG surgery (vascu-
lar access occlusion) undergo placement of a tunneled per-
manent catheter (cuffed tunneled catheter) in the internal
jugular vein at the time of AVG creation to eliminate pre-
emptive interventions in grafts at risk for thrombosis,
hematoma, and infection.

We performed a retrospective analysis of the place-
ment of a tunneled permanent catheter as temporary
vascular access in AVG creation for long-term patency.
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Case presentation

Case 1

A 49-year-old man from Japan was diagnosed with end-
stage renal disease (ESRD) due to IgA nephritis.
Initially, a left wrist radial-cephalic AVF was created for
HD. Soon after creation, the AVF was thrombotically
occluded, and the patient required AVF reconstruction
in the left forearm. However, the reconstructed AVF
became occluded again, and we decided to perform bra-
chial-basilic AVG in the right forearm (because of the
narrow vascular diameter) with placement of a
tunneled permanent catheter (because of the immediate
initiation of HD). The implantation graft was an
ePTFE-based heparin-coated graft (Propaten; W.L.
Gore, Flagstaff, AZ, USA), and cannulation was per-
formed 36 days after its creation. At this point, there
was no evidence of thrombosis, edema or infection.
The catheter was placed for 44 days with no evidence of
thrombosis or catheter-related bacteremia (CRB). At
present, 956 days after the operation, the patient is re-
ceiving HD stably with no vascular access problems.

Case 2

An 80-year-old woman from Japan was diagnosed with
ESRD of unknown cause 11 years ago, and a radial-ceph-
alic AVF in the left forearm was created for HD. She
needed to maintain vein patency with repeated percutan-
eous venous angioplasty (PTA). Despite the continuation
of regular PTAs (every 3 months), her inadequate HD
blood flow due to severe stenosis did not improve, so an
alternative route of vascular access was considered. We
decided to create a brachial-basilic AVG in the right fore-
arm (because of the narrow vascular diameter) with place-
ment of a tunneled permanent catheter (because of the
immediate initiation of dialysis). The implantation graft
(Vectra; Thoratec Laboratories Corporation, Berkeley, CA,
USA) was a polyurethane graft, and cannulation was per-
formed 21 days after its creation. At this point, there was
no evidence of thrombosis, edema, or infection. The
catheter was placed for 28days with no evidence of
thrombosis or CRB. Thereafter, on postoperative day 139,
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we performed angiography with PTA, which revealed
anastomotic stenosis in the right brachiocephalic vein.
PTA using a Sterling balloon dilatation catheter (Boston
Scientific, Marlborough, MA, USA) was thus performed
and resulted in good dilation.

Case 3

A 37-year-old man from Japan was diagnosed with
ESRD due to purpura nephritis 22 years ago, and an
AVF was created for HD. After the patient received
his kidney transplantation, the AVF was discarded and
chronically thrombosed. When the patient experi-
enced kidney graft loss due to recurrent purpura
nephritis, HD needed to be restarted. He had received
HD for 15years via a right forearm radial-cephalic
AVF. However, at 37 years of age, the patient had a
sudden episode of bleeding from a duodenal ulcer, and
severe anemia and hypotension caused AVF occlusion.
We placed a brachial-basilic AVG at the same point in
the right forearm (because of chronic occlusion and
long-discarded AVF access in the left forearm). Usu-
ally, a history of AVF creation in the same arm results
in prolonged edema, so we decided to perform AVG
with placement of a tunneled permanent catheter. The
implantation graft was an ePTFE graft (Advanta;
Atrium, Hudson, NH, USA), and cannulation was per-
formed 57 days after its creation with perigraft seroma,
which resolved spontaneously. The catheter was
placed for 58 days with no evidence of thrombosis or
CRB. At present, 592 days after the operation, the pa-
tient is stably receiving dialysis with no vascular access
problems.

Case 4

A 74-year-old woman from Japan was diagnosed with ESRD
due to nephrosclerosis 11 years ago, and a radial-cephalic
AVF in the left forearm was created for HD. She needed to
maintain vein patency with regular PTAs (every 3 months).
However, severe stenosis remained even after dilation with
PTA, so we decided to create an AVG at the same point in

Table 1 Characteristics of infections in tunneled permanent catheters versus nontunneled temporary catheters

Number of Number of Observation Infection rates per Infection relative risk Reference
catheters inserted infection  period 1000 catheter-days
Tunneled permanent catheter 37 6 36-month period 2.9 RR 3.7 (1.8-7.5), p<0.001 Weijmer et al. [6]
Nontunneled temporary catheter 235 52 128
Tunneled permanent catheter 36 NA 16-month period NA RR 14 (06-34), p=041 Mendu et al. [9]
Nontunneled temporary catheter 91 NA NA
Tunneled permanent catheter 310 86 24-month period 5.5 - Saad et al. [10]
Tunneled permanent catheter 182 28 16-month period 5.8 - Rocklin et al. [11]
Tunneled permanent catheter 108 (Patients) 92 12-month period 4.6 - Lee et al. [12]

NA not available
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Table 2 Proportions of AVG patients with a tunneled permanent catheter and their postoperative course

No  Graft Patient demography Postoperative course

Age Sex  Cause of renal failure  Catheter First cannulation  Catheter removal ~ Complications  Follow up
1 Propaten 49 M IgA nephropathy Bio-Flex Tesio 36 days 44 days - 956 days
2 Thoratec (Vectra) 80 F Unknown Split Stream 21 days 28 days Stenosis (PTA) 778 days
3 Advanta 37 M Purpura nephritis Split Stream 57 days 58 days Seroma 592 days
4 Advanta 74 F Nephrosclerosis Split Stream 94 days 105 days Stenosis (PTA) 564 days

PTA percutaneous transluminal angioplasty

the left forearm (because the patient requested, we use the
same arm) with placement of a tunneled permanent catheter
(because of the immediate initiation of dialysis). The im-
plantation graft was an ePTFE graft (Advanta), and cannula-
tion was performed 94 days after its creation. At this point,
there was no evidence of thrombosis, edema, or infection.
The catheter was placed for 105 days with no evidence of
thrombosis or CRB. On postoperative day 79, we performed
angiography with PTA, which revealed anastomotic stenosis
in the left brachiocephalic vein. PTA using the Sterling bal-
loon dilatation catheter was thus performed and resulted in
good dilation.

Discussion and conclusions

We use a tunneled (cuffed) permanent catheter in-
stead of a nontunneled (noncuffed) temporary catheter
because nontunneled temporary catheters often re-
quire replacement due to CRB and thrombotic occlu-
sion before the first cannulation. In contrast, with a
tunneled permanent catheter, a polyester cuff posi-
tioned approximately 2cm from the skin exit site
allows tissue ingrowth (biofilm formation) to function
as an anchor and prevent bacterial migration [5]. This

feature is associated with a marked reduction in the
risk of CRB [6-8]. In addition, a tunneled permanent
catheter facilitates living with a catheter, such as
dressing, cleaning, and showering, which may improve
the patients’ quality of life. Once edema in the access
arm had completely improved, the first cannulation
and then catheter removal were performed.

Our search of the literature revealed few reported cases
comparing the performance of a tunneled permanent cath-
eter versus a nontunneled temporary catheter in HD pa-
tients [6, 9-12] (Table 1). While these clinical outcomes
may be related to variations in several parameters, such as
catheter type, inserted position, duration of use, and catheter
management (hygiene or use of antibiotics), nontunneled
temporary catheters have demonstrated significantly higher
infection rates than tunneled permanent catheters.

Our study included a total of four conventional HD
patients who had vascular access occlusion and required
HD immediately after AVG surgery. The reason why the
number of samples is still small is that our procedure
has only been started recently, and in the cases of
thrombotic occlusion, we are trying to reconstruct AVF
in the upstream native shunt vessel. However, as the

Fig. 1 Left forearm loop graft (a) and Split Stream catheter in the right internal jugular vein (b), both at catheter removal, with no complications
A\
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number of cases of graft use gradually increases, our
procedure (AVG with tunneled permanent catheter) will
likely see increased use in the near future.

The original shunt vessels have often already developed
following AVF upstream reconstruction in thrombotic oc-
clusion cases; thus, HD can be resumed with high blood
flow despite immediate puncture after operation. Further-
more, native shunt vessels result in fewer infections than
grafts; thus, we did not include AVF reconstruction cases in
this study.

On the other hand, the immediate-use ePTFE graft
(Acuseal; W. L. Gore & Associates, Newark, DE, USA)
seems to be widely used overseas [13, 14]. However, in
Japan, the sales and use of Acuseal had just been ap-
proved in 2015, and thus, there are no long-term clinical
reports describing its use. Therefore, those grafts were
not included in this study either.

All AVG surgeries were performed under local and
brachial plexus block anesthesia. We used loop
forearm grafts that were anastomosed to the brachial
artery and basilic vein. There were no selection cri-
teria for graft types. The graft efficacy, first cannula-
tion date, postoperative complications, and graft
patency over l-year follow-up were evaluated. The
details of individual patients and outcomes are sum-
marized in Table 2.

The implantation grafts were cannulated with 16-
gauge needles at a mean of 52 days after their creation,
provided that there was no evidence of thrombosis,
edema, or infection. The time between graft implant-
ation and first cannulation was longer in patients 3
and 4 than in the others. This might be explained by
the fact that edema was prolonged due to prior AVF
creation in the same arm. The catheter was placed for
a mean of 58 days with no evidence of thrombosis or
CRB. Postoperative complications after 1year were
seroma (n=1) and stenosis requiring PTA (n=2)
(Table 2). The cumulative primary-assisted patency
after 1year was 100%. Figure 1 shows a representative
case at catheter removal, with no edema in the access
arm (a) and no catheter troubles (b).

In conclusion, this study showed that while the
duration between AVG creation and its first use on
HD has been prolonged, graft patency has been
good. Although additional cases are required to
confirm the efficacy of this approach, this finding
enables the dialysis community to consider the initi-
ation of AVG use immediately in cases of vascular
access occlusion.

Abbreviations
AVF: Arteriovenous fistula; AVG: Arteriovenous graft; CRB: Catheter-related
bacteremia; ESRD: End-stage renal disease; HD: Hemodialysis
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