ORIGINAL ARTICLE

Port J Nephrol Hypert 2017; 31(3): 175-182 ¢ Advance Access publication 3 October 2017

Diagnosis and treatment of haemodialysis vascular
access problems without iodinated contrast:
a single-centre experience

Joana Francisca Rochal, Ménica Fructuosol, Pedro Filipe SousaZ, Joana Ferreira3, Rui Miguel Abreu?,
Catarina Eusébiol, Teresa Morgado?!

1 Nephrology Department, Centro Hospitalar de Tras-os-Montes e Alto Douro
2 Radiology Unit, Centro Hospitalar de Tras-os-Montes e Alto Douro
3 Angiology and Vascular Surgery Department; Centro Hospitalar de Tras-os-Montes e Alto Douro

Received for publication: Sep 1, 2017
Accepted in revised form:  Sep 22, 2017

ABSTRACT

Introduction: The use of iodinated contrast angiography in the diagnostic and therapeutic approach to arte-
riovenous access (AVA) problems is limited by nephrotoxicity and allergic reactions. The use of alternatives such
as CO3 or ultrasound guidance has increased over the last few decades.

Purpose: To evaluate the results and complications of the diagnostic and therapeutic procedures of AVA per-
formed at our centre without the use of iodinated contrast.

Methods: We evaluated retrospectively all patients submitted to endovascular diagnostic and/or therapeutic
procedures using COz or ultrasound at our hospital between January 2013 and December 2016.

Results: 30 procedures were performed in 22 patients: 15 ultrasound-guided angioplasties and 15 CO; pro-
cedures (14 angioplasties and 1 diagnostic angiography). The mean age of patients was 74110 years (41—-94).
Most procedures (90%) were performed on proximal arteriovenous fistulas (AVFs) and 3 were performed on
distal AVFs. lodinated contrast was not used because of its potential nephrotoxicity.

Ultrasound-guided angioplasty was performed to treat outflow stenoses in the majority (73%) of the cases.
The result was favourable in all procedures. One was complicated by venous rupture.

Regarding angioplasties with CO2, outflow stenoses were the most treated (38%). The result was favourable
in all procedures. Diagnostic angiography with CO2 was performed in a patient with signs of limb venous hyper-
tension and was inconclusive. There were two complications in CO2 procedures: formation of pseudoaneurysm
at the place of insertion of the introducer (n=1) and transient headache and nausea (n=1).

Three of the patients who underwent angioplasty with CO2 and one patient who underwent ultrasound-guided
procedure were submitted to balloon-assisted maturation.

Conclusion: In our experience, the use of alternative methods with no iodinated contrast (CO2/ultrasound)
in the evaluation and treatment of vascular access problems in patients with renal dysfunction is effective and
safe.
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INTRODUCTION

Of all the types of vascular access, arteriovenous fis-
tula (AVF) has higher patency rates, lower infection rates
and lower overall costsl:2. The rate of complications
related to vascular access rises significantly once it fails
and, therefore, itisimportant toimplement surveillance
programmes in order to diagnose and correct vascular
access problems within an adequate period of time.
However, the reality is that a large proportion of incident
patients start haemodialysis with other types of access.
Many factors contribute to this, including concerns over
the use of iodinated contrast to evaluate and treat arte-
riovenous fistula problems in pre-dialytic stages.

When planning an AVF, venography is frequently
necessary to complement the study of upper-limb ves-
sels. The main indication is the evaluation of the central
vein in high-risk patients for stenosis (patients with
previous central venous catheters or with cardiac devic-
es)3. Additionally, venography plays an important role
in the evaluation of obese patients and in those with
previous failed AVFs. Despite the protocols for iodinated
contrast nephrotoxicity prophylaxis and the develop-
ment of low and iso-osmolar iodinated contrast prod-
ucts, patients with chronic kidney disease remain at a
high risk of contrast-induced nephropathy*>. Moreover,
the allergic potential of this material is not negligible,
even when anti-allergic medication is given®.

For many decades, carbon dioxide (CO2) and ultrasound
have been used as alternatives to iodinated contrast for
evaluating haemodialysis vascular accesses in patients in
whom iodinated contrast agents are not advisable’-10.

PURPOSE
To evaluate the efficacy and complications of CO2
and ultrasound-guided procedures performed in our
centre to diagnose and treat arteriovenous vascular
accesses.

METHODS
H Patient Population
We performed a retrospective analysis of all patients
who underwent angiography and/or angioplasty with

CO3 or ultrasound guided at our centre between Janu-
ary 2013 and December 2016.

176 | Port J Nephrol Hypert 2017; 31(3): 175-182

B Procedures description

The vascular access problem was previously identi-
fied in our Vascular Access Clinic, where all patients
are routinely observed via complete physical examina-
tion and ultrasound.

All procedures were performed by the same interven-
tional radiologist and vascular surgeon, under local anaes-
thesia and light sedation, in an outpatient setting.

Ultrasound-guided procedures

Ultrasound apparatus
A Philips CX50 portable ultrasound (Philips Medical
Systems, Bothell, WA) is used.

Ultrasound-guided procedure

All sheaths are inserted under ultrasound guidance
through direct vascular access puncture at least 5 cm away
from the most proximal stenosis. When possible, the access
site is selected proximal to the stenosis to use high arterio-
venous access blood flow to facilitate wire manipulation.
When this could not be done, stenoses were treated in a
retrograde fashion (accessed via distal puncture).

Two access sheaths were rarely required to address
venous and arterial stenoses. Guidewire and catheter
navigation were performed under fluoroscopy guidance
without intravenous iodinate contrast. Balloon size,
position and inflation were guided by ultrasound only.
The success of the technique was measured based on
three parameters: (1) clinical evaluation with physical
examination, (2) final imaging result and (3) post-pro-
cedure access flow. Unfortunately, this last piece of
information could not be obtained due to absence of
registration in the intervention room.

CO; procedures

CO; infusion apparatus

A disposable aluminium cylinder containing 99.9%
pure COz from Gasin® is connected to a laparoscopic gear
(Stryker’s® 45 L PneumoSure®). In the connecting tube
between the laparoscopic tower and a 50 mL syringe
there is a 0.22 ym (Bausch + Lomb®) filter. The syringe
is connected to the tube and to the diagnostic catheter
with a 3-way stopcock fixed together in line. All injections
are performed manually. The cylinder should not be
directly connected to the diagnostic catheter because a
huge volume of CO3 under high pressure should not be
delivered. As CO3 is a compressible gas and its volume
is inversely proportional to the pressure, we use a
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laparoscopic tower to determine a constant pressure of
CO2 and consequently a constant volume. According to
the literature, the pressure should be 15 mmHg because
at this pressure, the volume of CO3 in the syringe will be
equal to its capacity. The syringe capacity chosen was 50
mL because the volume of CO2 administered should be
between 40-60 mL to prevent explosive delivery, which
would result in rapid vessel distension, with consequent
pain and poor image quality. The filter is used to remove
any particle or bacteria. The syringe is connected to the
diagnostic catheter and to the connecting tube with a
three-way stopcock fixed together in line. This arrange-
ment in a closed system allows us to remove the residual
contaminant air present in the system (the gas is purged
three or four times) without disconnecting the syringe,
avoiding in this way room air contamination.

As recommended by several authors, the fluid pre-
sent in the diagnostic catheter is cleared with injection
of 3 to 5 mL of CO3, to decrease the risk of explosive
delivery. Moreover, to minimize this complication, the
diagnostic CO2 hand injection should be performed
slowly, uniformly and with lower pressure. CO3 injec-
tions should be separated between 2—3 minutes.

Venography Procedure

The arm is positioned in supination and in slight
abduction to prevent anatomically pseudostenosis
images in the axillary region. After puncture of the vein
and placement of an introducer sheath, 10 ml of CO2
is injected to accustom the patient to the sensation.

Table |

Description of ultrasound-guided procedures

The injected volume of CO3 varies between 10 and 30
mL for the upper-extremity veins and between 30-50mL
for the central veins. When is intended to evaluate the
anastomotic region, a diagnostic catheter is inserted
into the artery. Ultrasonography was not used during
the interventional procedure and, therefore, the suc-
cess of the technique was measured based on physical
examination and final imaging result.

Images were performed using digital subtraction tech-
nique. Acquisition rate was five frames per second.

RESULTS

Thirty procedures were performed in 22 patients: 15
ultrasound-guided angioplasties and 15 CO2 procedures
(14 angioplasties and 1 diagnostic angiography). Mean age
at the time of the procedure was 74+10 years (41-94).

lodinated contrast was not selected because of its
potential nephrotoxicity since all patients were in the
pre-dialytic stage and one was a renal transplant recipi-
ent [glomerular filtration rate of 15+5ml/min (7-22)].

H Ultrasound-guided procedures

Table | gives detailed information about the ultra-
sound-guided procedures.

AVF: arteriovenous fistula; BAM: balloon-assisted maturation

P::;:i::e Vascular Access Vascular Access Problem Intervention Outcome
1 brachio-basilic AVF venous stenosis Balloon angioplasty successful
2 radio-cephalic AVF venous stenosis Balloon angioplasty successful
3 brachio-cephalic AVF venous stenosis Balloon angioplasty successful
4 brachio-cephalic AVF venous stenosis Balloon angioplasty successful
5 brachio-cephalic AVF venous juxta-anastomotic and proximal stenoses Balloon angioplasty successful
6 brachio-cephalic AVF venous stenosis Balloon angioplasty successful
7 brachio-cephalic AVF venous juxta-anastomotic stenosis Balloon angioplasty successful
8 brachio-cephalic AVF venous juxta-anastomotic stenosis Balloon angioplasty successful
9 brachio-cephalic AVF venous stenosis Balloon angioplasty successful
10 brachio-cephalic AVF venous stenosis Balloon angioplasty successful
11 brachio-cephalic AVF venous stenosis, non-maturation Balloon angioplasty, BAM successful
12 brachio-cephalic AVF venous stenosis, non-maturation Balloon angioplasty, BAM successful
13 brachio-cephalic AVF multiple venous stenoses Balloon angioplasty successful
14 brachio-basilic AVF venous and arterial stenoses Balloon angioplasty successful
15 brachio-basilic AVF venous stenosis Balloon angioplasty successful

Port J Nephrol Hypert 2017; 31(3): 175-182 | 177 m



Joana Francisca Rocha, Moénica Fructuoso, Pedro Filipe Sousa, Joana Ferreira, Rui Miguel Abreu, Catarina Eusébio, Teresa Morgado

These were performed in 14 proximal arteriovenous
fistulas (11 brachio-cephalic and 3 brachio-basilic) and
in 1 radio-cephalic. The median time between vascular
access creation and angioplasty was 4.5 months.

Ultrasound-guided angioplasty was performed to
treat isolated venous stenosis [(n=12), of which 2 were
juxta-anastomotic], venous and arterial stenosis (n=1),
juxta-anastomotic and proximal venous stenoses (n=1)
and multiple venous stenoses (n=1). The immediate
result was favourable in all procedures. One procedure
was complicated by venous rupture, which was treated
with minimal surgery (venorraphy) and access function
was restored.

One patient was submitted to balloon-assisted matu-
ration with progressive dilatation of the arterialized
vein.

H CO2 procedures

Table Il contains detailed information about CO»-
guided procedures.

Most procedures (n=12) were performed on proxi-
mal arteriovenous fistulas (10 brachio-cephalic and 2
brachio-basilic) and 2 were performed on distal AVFs
(1 radio-cephalic and 1 ulnar-cephalic). The median
time between vascular access construction and angio-
plasty was 3,3 months.

Table Il

Description of the procedures with CO2

Of the 13 angioplasties, 5 were performed for the
treatment of multiple venous stenoses, 3 for venous
and arterial stenosis, 3 for the treatment of juxta-anas-
tomotic and proximal stenoses and 2 for the treatment
of isolated juxta-anastomotic stenosis. The immediate
result was favourable in all angioplasties.

Three of the patients underwent balloon-assisted
maturation with progressive dilatation of the arterial-
ized vein.

Diagnostic angiography was performed in a patient with
signs of venous hypertension, but was inconclusive.

Among the 15 procedures, two complications
occurred. One patient developed a pseudoaneurysm
at the site of the introducer insertion that was surgically
corrected. Other patient presented transitory headache
and nausea. She presented a severe stenosis at the
cephalic arch, which may have conditioned the reflux
of CO2 to the arterial system. The brain CT performed
to evaluate circulation was normal. The patient was
kept under surveillance and the symptoms reverted
spontaneously.

DISCUSSION

Many studies have proven the nephrotoxicity of
iodinated contrast, even in patients with moderate

AVF: arteriovenous fistula; BAM: balloon-assisted maturation
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P;Z:‘idb::e Vascular Access Vascular Access Problem Intervention Outcome
1 brachio-cephalic AVF venous and arterial stenoses Balloon angioplasty successful
2 brachio-cephalic AVF venous hypertension Balloon angioplasty inconclusive
3 brachio-cephalic AVF venous juxta-anastomotic stenosis Balloon angioplasty successful
4 radio-cephalic AVF venous and arterial stenoses Balloon angioplasty successful
5 brachio-cephalic AVF multiple venous stenosis, non-maturation Balloon angioplasty, BAM successful
6 brachio-cephalic AVF multiple venous stenosis, non-maturation Balloon angioplasty, BAM successful
7 brachio-cephalic AVF multiple venous stenosis, non-maturation Balloon angioplasty, BAM successful
8 brachio-basilic AVF venous juxta-anastomotic stenosis Balloon angioplasty successful
9 brachio-basilic AVF multiple venous stenoses Balloon angioplasty successful
10 brachio-cephalic AVF venous juxta-anastomotic and proximal stenosis, non-maturation | Balloon angioplasty, BAM successful
11 brachio-cephalic AVF venous juxta-anastomotic and proximal stenosis, non-maturation | Balloon angioplasty, BAM successful
12 brachio-cephalic AVF venous juxta-anastomotic and proximal stenosis, non-maturation | Balloon angioplasty, BAM successful
13 ulnar-cephalic AVF multiple venous stenoses Balloon angioplasty successful
14 brachio-cephalic AVF venous and arterial stenosis, non-maturation Balloon angioplasty, BAM successful
15 brachio-cephalic AVF venous juxta-anastomotic stenosis Balloon angioplasty successful
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renal function impairment, with dialysis precipita-
tion>11, Moreover, the enormous importance of pre-
serving residual renal function in patients on dialysis
has led many health organizations to establish guide-
lines to avoid these agents even in that population.

Nowadays, the main alternatives for iodinated con-
trast to guide vascular access procedures are ultrasound
and CO3. Our centre has been developing both tech-
niques over the last 4 years and this retrospective
review was conducted to evaluate our results regarding
efficacy and safety and improve our practice.

B Ultrasound-guided procedures

Over the last two decades, the safety and efficacy
of endovascular procedures with ultrasound guidance
have been established. The largest study of ultrasound-
guided angioplasties (with 4869 cases) reported an
early success rate of 97.1%12. In 2012, a review of 55
interventions reported an immediate success and
90-day patency of 93% with complications in 11% (n=6)
of the cases!3. In early 2017, a study comparing ultra-
sound-guided (n=53) with conventional angioplasties
(n=90) registered equal success rates with same pro-
portion of complications!4. Other studies have cor-
roborated these findings1>/16.

In our experience, all vascular access angioplasties
were effective when ultrasound was used to guide the
procedure (100% success rate), allowing detection and
treatment of different types of stenoses.

The benefits of ultrasound guidance for haemodi-
alysis vascular access interventions are numerous.

Real-time visualization of stenoses makes possible
real-time identification of the most advantageous
access site and cannulation.

Since 1991 it has been suggested that ultrasound
guidance identifies disease that may not be detected
by conventional angiography and when adding ultra-
sound to classic angiography, the likelihood of detecting
thrombus and dissection increases”-18. A single-centre
randomized study with 100 patients showed that add-
ing ultrasound to classic angiography in graft endovas-
cular interventions was superior in the detection of
stenosis than isolated conventional angiography!®. The
group showed that the procedure was shorter and the
contrast material volume was reduced when using
ultrasound guidance. Additionally, the addition of

ultrasound altered the treatment considerably in 76%
of the cases.

B-Mode duplex images of vein or graft wall are used
to select proper diameter and length of balloon and
stents, in order to prevent rupture while providing suf-
ficient dilatation of stenoses.

Additionally, real-time monitoring of haemodynamic
changes after balloon deflation allows immediate evalu-
ation of treatment results.

Furthermore, as Marks and colleagues demonstrat-
ed, ultrasound guidance offers very important advan-
tages of haemodynamic evaluation for recoiling lesions
and need for stenting20.

Ultrasound is also useful in thromboaspiration since
the catheter tip is visible and real time visualization
makes it simpler to confirm aspiration of the thrombus?®.
Garcia-Medina prospectively studied 54 thrombosed
native fistulae that underwent ultrasound-guided throm-
bolysis, with high success rates (83% in fistulas with total
thrombosis and 100% in partial thrombosis)Z®.

Another undeniable benefit of ultrasound-guided
procedures is the elimination of radiation exposure,
making them more harmless for the patient and the
health staff, doing away with the need for high doses
of radiation that are required in conventional fluoros-
copy procedures (due to magnification, multiple projec-
tions and quick dye washout inherent to this last tech-
nique). It should be highlighted that the more patients
are treated, the more important this advantage becomes.

Despite all the above-mentioned advantages, ultra-
sound guidance has some limitations, such as deep
veins, cephalic arch stenosis and central stenosis evalu-
ation?l. In fact, from our experience and as far as the
literature describes, in these cases angiography with
CO2 may be a more adequate alternative (see below).
Also very important is the need for more than 1 opera-
tor since more than two hands are required to perform
the procedure. This is not a drawback in our hospital
because, as in other centres, all procedures (including
conventional angiography) are performed by two oper-
ators. Another limitation is that this technique does
not allow a panoramic view of the access, as fluoros-
copy does. Moreover, finding collateral circulation is
more complex. Additionally, ultrasound guidance
requires high-resolution equipment due to the unique
flow patterns such as very high velocities and major

turbulence.
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H CO2 procedures

CO3 was first used in radiology to demonstrate ret-
roperitoneal structures in 1914. After that, it was been
used in evaluating many different structures, including
the heart and infradiaphragmatic vessels’22, Because
of its low density, adequate imaging became much
more reliable with the development of digital subtrac-
tion angiography in 1980 and since then the pioneer
Hawkins group have used CO2 in more than 1400
patients?3.

In 1994, Ehrman et al. documented that image qual-
ity of CO2 fistulography was sufficient for making thera-
peutic decisions even in patients undergoing routine
venography (without clinical evidence of vascular
access problems), after evaluating 32 procedures.
Kariya and co-workers performed interventional treat-
ment in 141 vascular accesses (predominantly distal),
including percutaneous transluminal angioplasty,
thrombolysis, thrombectomy and stent placement?4.
In this study, the authors reported that the immediate
success rate was comparable to published data. Our
experience is also favourable, since we were able to
treat different types of stenosis with 100% success,
despite the small number of cases.

However, the data about sensibility and specificity
of CO2 have been controversial, with some studies
showing that CO2 underestimates the stenosis grade
and other publications demonstrating that this gas
overestimates it2>26, Seventeen years ago it was dem-
onstrated that CO; yielded significantly larger vessel
diameter compared with conventional angiography in
an aortoiliac flow model?’. This can be explained by
the fact that CO3 is infused in an explosive way in ves-
sels with elastic capacity, leading to an underestimation
of the degree of stenosis. On the other hand, when
using a tourniquet one should be aware that vasospasm
may occur and that it may be resistant to vasodilative
drugs, interfering with determination of the degree of
stenosis . Moreover, CO3 is a gas and thus does not mix
with blood, so the entire vessel must be filled with CO2
to avoid underestimation of the vessel diameter.

Sam Heye and colleagues compared venography
with CO2 and iodinated contrast, using two independ-
ent observers with different amount of experience (3
and 9 years)28. They found a satisfactory interobserver
agreement for patency/stenosis and stenosis grade.
Although the sample was small (22 patients) the sen-
sitivity, specificity and accuracy of CO2 venography for
all vein segments were 97%, 85% and 95%,
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respectively. In fact, for superior vena cava segments,
CO2 was superior for evaluation than iodinated con-
trast, which could not depict these segments because
of slow flow and significant motion artefacts. These
problems can be prevented in most cases by perform-
ing an additional cannulation of a more proximal vein
to shorten the distance between the contrastinjection
site and the central veins. However, even with this
adaptation, these vein segments may not be assessable
mainly because the venous flow remains too slow or
the patient’s clinical condition is bad. In these patients
CO3 is an attractive alternative, as demonstrated in
numerous studiesZ®.

Because CO2 does not mix with blood (unlike iodi-
nated agents) venography with CO2 is more sensitive
to detect small bleedings and collateral venous
circulation.

Although other techniques that do not use iodinated
agents have been developed (for example, ultrasound),
CO2 venography is better in evaluating obese patients
and when assisted balloon maturation is needed.
Moreover CO7 low viscosity permits injection between
a guidewire and a catheter, obviating the necessity to
remove the guidewire for contrast injections.

Although safety concerns limited its use in the begin-
ning, improvements have been made and nowadays
its safety has been demonstrated in several studies. In
fact, CO2 can be injected for long, complex procedures.
Its high solubility (20x more than oxygen) means intra-
vascular injection is safe, with air trapping only occur-
ring if closed one-way valve systems are not used. This
may occur if a 20cc syringe filled with CO2 remains
open for 1h, when 68% of the volume is replaced by
room air, since CO3 diffuses extremely and because of
the concentration difference of CO3 in the syringe
(99.5%) compared with the air (0.03%)23.

CO3 can be safely used in patients with pulmonary
chronic disorders as long as the time to body depura-
tion of the gas is respected?3.

Regarding renal safety, it was demonstrated that
even after selective renal artery CO3 injection there
are no renal changes, from a clinical and histopatho-
logical point of view (normal renal biopsies, including
no endothelial injury on electronic microscopy)19:39.

Neurological symptoms are occasionally noted, when
reflux of CO3 into the cerebral vessels (through arterial
system) occurs, usually consisting of transient nausea
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or headache, as was the case with one of our patients24.
However, serious adverse effects rarely occur, with sei-
zures or transient loss of conscience described in some
reports?*25. These complications tend to occur early
after procedure and are usually treated conservatively.
To the best of our knowledge, no permanent sequelae
are reported in literature. The diagnosis of neurological
complications relies on clinical suspicion. Brain CT scan
can be performed to exclude other causes of neurologi-
cal dysfunction and can rarely make the diagnosis when
trapped gas is seen. Some manoeuvres have been pro-
posed to avoid CO; reflux. Kariya and colleagues used
retrograde-fashion CO; infusion under balloon occlu-
sion, in order to prevent CO3 reflux to the veinZ4. Other
authors have proposed arterial manual compress when
infusing CO3 in the vein, essentially when the problem
is near the anastomotic region and in severe stenosis
that induce low blood flow. In fact, after that isolated
case of a patient who developed potential neurological
complication, we decided to use this technique when
treating juxta-anastomotic region stenosis, to prevent
CO3 reflux to the arterial system. Lastly, it should be
noted that manual injection is inaccurate and the com-
pressibility of CO2 results in an explosive injection, rais-
ing the risk of CO2 reflux. The use of a dedicated CO2
injector would overcome this undesirable effect (as well
as improving the quality of venographies). In the
absence of such a device, we developed a hand-delivery
system, which incorporated principles learned from
the dedicated injector.

Although endovascular treatment of isolated and
non-complex stenoses is possible with the use of diluted
contrast, in the treatment of multiple and/or complex
stenoses, or when balloon-assisted maturation is indi-
cated, patients would be exposed to a higher quantity
of contrast and repeatedly. It is in these patients, as
well as in patients with allergy, that these techniques
represent a valuable alternative.

As discussed, CO2 and ultrasound guidance have
many specific advantages and limitations and the choice
between these two techniques depends on patient and
clinical features. Ultrasound guidance is probably ade-
quate in the majority of the patients; however, CO2
may be preferred in obese patients, in central veins or
cephalic arch problems and when balloon-assisted
maturation is required.

Although our immediate success rate was 100%, we
are gathering more experience with these techniques
to compare access patency after this type of intervention
with the results of accesses undergoing conventional

angiography. However, we believe that the results will
be similar, as demonstrated in other series. This primary
analysis was to establish the practical feasibility, immedi-
ate success, and safety of these techniques.

In our experience, even with the limitations of a
small sample and a retrospective design, the use of
CO3 and ultrasound to evaluate and treat arteriovenous
vascular access problems in patients with renal dysfunc-
tion was effective and safe.
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