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Background and Objective: Vascular calcification (VC) and resulting vascular disease is one of the
major causes of cardiovascular morbidity and mortality in patients with chronic kidney disease (CKD). CKD
itself is increasingly recognized as a risk factor for cardiac and peripheral arterial disease (PAD). This paper
examines the atherosclerotic plaque composition and specific endovascular considerations in the end stage
renal disease (ESRD) patients. The literature was reviewed regarding the current status of medical and
interventional management arteriosclerotic disease in patients with CKD. Lastly, three representative cases
displaying typical endovascular treatment options are provided.

Methods: A literature search was performed in PubMed covering publications up to September 2021 as
well as discussion with experts in the field.

Key Content and Findings: The high prevalence of atherosclerotic lesions in patients with chronic
renal failure and high (re-)stenosis cause problems in the medium and long term as vascular calcium load
represents one of the most widely encountered predictors of failure of endovascular treatment of PAD and
future cardiovascular events (e.g., coronary calcium score). Patients with CKD also suffer from a greater
risk for major vascular adverse events in general and worse revascularization outcomes following peripheral
vascular intervention. A correlation between calcium burden and drug-coated balloon (DCB) performance
has been established for PAD necessitating the need for different tools to cope with vascular calcium such
as endoprosthesis or braided stents. Patients with CKD are at a higher risk of developing contrast-induced
nephropathy (CIN). In addition to recommendations such as the administration of intravenous fluids, carbon
dioxide (CO,) angiography is one option to potentially provide an effective and safe alternative both to
iodine-based contrast media allergy and to the use of iodine-based contrast media in patients with CKD.
Conclusions: Management and endovascular procedures of patients with ESRD are complex. In the course
of time, new endovascular therapy methods have been developed such as directional atherectomy (DA) and
the so-called “pave-and-crack” technique to deal with high vascular calcium burden. Besides interventional

therapy, vascular patients with CKD benefit from aggressive medical management.
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Introduction
Background

Approximately 850 million persons worldwide have
chronic kidney disease (CKD), and almost 4 million
receive renal replacement therapy. Remodeling of the
blood vessels and the myocardium leads to various
cardiovascular complications such as atherosclerosis with
the consequence of progression of renal disease including
end stage renal disease (ESRD) as well as cardiovascular and
cerebrovascular death. CKD patients present with a high
incidence of cardiovascular morbidity and mortality that
cannot be fully explained by traditional cardiovascular risk
factors of cardiovascular diseases (CVDs). As such CKD is
an established independent risk factor for peripheral arterial
disease (PAD) which is distinct from traditional factors
such as age, diabetes mellitus, hypertension, hyperuricemia
and dyslipidemia (1). Cardiovascular mortality in patients
with advanced CKD (stage 4) and end-stage kidney disease
(stage 5) accounts for about 40% to 50% of all deaths (2,3).
The high prevalence of atherosclerotic lesions and the high
degree of vascular calcification (VC) pose specific challenges
to endovascular treatment and result in a high number of
reinterventions and treatment failure.

Besides high rates of treatment failure of endovascular
therapy, CKD patients are at a higher risk of developing
additional contrast-induced nephropathy (CIN) resulting
in progressive decline of kidney function. Carbon dioxide
(CO,) angiography is one option to potentially provide
a safer and equally effective alternative to iodine-based
contrast media in patients with CKD or iodine-based
contrast media allergy (4-7).

Despite the unfavorable prognosis of CKD-associated
vascular disease, improvements were made in the recent
years. Pharmacological strategies are intended to slow the
progression of CVD, and to reduce the CKD-associated
morbidity and mortality (8,9). Furthermore, the renal
replacement therapies performed today offer increased
filtering and purification capacities with simultaneously
reduced side effects. Novel endovascular methods like the
aggressive use of endoprosthesis and braided nitinol stents
pave the way to deal with VCs of CKD-associated PAD
(10-12). We present the following article in accordance
with the Narrative Review reporting checklist (available at
https://cdt.amegroups.com/article/view/10.21037/cdt-22-
53/rc).
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Objectives

The objective of this review is to summarize basics
regarding atherosclerotic plaque formation, composition
and prevalence in patients with CKD and to explain the
differences to patients with peripheral atherosclerosis
without pre-existing CKD. In addition, specific
endovascular techniques available in the setting of
extensively calcified vessels and impaired renal function will
be discussed.

Methods

A computerized literature search was conducted in
PubMed as well as manual search of reference lists for
relevant English language articles in conjunction with
discussions with experts in the field. The literature search
covers publications up to September 2021. The following
combinations of keywords were used: Angioplasty,
atheromatosis, atherosclerosis, vascular calcification, carbon
dioxide angiography, CO, angiography, cardiovascular
disease, chronic kidney disease, CKD, chronic kidney
failure, chronic kidney insufficiency, chronic renal failure,
chronic renal insufficiency, contrast-induced nephropathy,
CIN, contrast induced acute kidney injury, drug-coated
balloon, DCB, drug-eluting balloon, DEB, directional
atherectomy, endovascular treatment, end stage renal
disease, ESRD, endothelial damage, hemodialysis,
iodinated-contrast media, inflammation, medial artery
calcification, mineral bone disorder, nephropathy,
outcome, peripheral arterial disease, peripheral artery
disease, peripheral angiography, peritoneal dialysis,
revascularization, pave-and-crack technique, uremia,
vascular access, vascular calcification, intravascular
ultrasound and IVUS. Two authors (i.e., CR and GG)
assessed independently the methodological quality of the
studies prior to their inclusion in this review. A summary of
the search strategy is provided in Table 1.

Discussion
Atherosclerotic disease in CKD patients

General considerations of VCs in patients with CKD

A high prevalence of atherosclerosis in patients with
CKD has been documented in numerous autopsy studies
and clinical registers (13,14). Development of VC shows
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Table 1 The search strategy summary
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Iltems Specification
Date of search 16/09/2021
Databases and other sources PubMed

searched

Search terms used

Angioplasty, atheromatosis, atherosclerosis, vascular calcification, carbon dioxide angiography, CO,

angiography, cardiovascular disease, chronic kidney disease, CKD, chronic kidney failure, chronic
kidney insufficiency, chronic renal failure, chronic renal insufficiency, contrast-induced nephropathy,
CIN, contrast induced acute kidney injury, drug-coated balloon, DCB, drug-eluting balloon, DEB,
directional atherectomy, endovascular treatment, end stage renal disease, ESRD, endothelial damage,
hemodialysis, iodinated-contrast media, inflammation, medial artery calcification, mineral bone disorder,
nephropathy, outcome, peripheral arterial disease, peripheral artery disease, peripheral angiography,
peritoneal dialysis, revascularization, pave-and-crack technique, uremia, vascular access, vascular
calcification, intravascular ultrasound and IVUS

Timeframe 01/01/1980-16/09/2021
Inclusion and exclusion criteria

Selection process

inclusion criteria: English language

Two authors (CR, GG) as well as internal discussion with experts in the field

CKD, chronic kidney disease; CIN, contrast-induced nephropathy; DCB, drug-coated balloon; DEB, drug-eluting balloon; ESRD, end

stage renal disease; IVUS, intravascular ultrasound.

similarities in both the onset and progression compared
to the bone metabolism. VC in CKD begins early in the
development of chronic renal failure and is promoted by
various factors such as Ca/Pi (calcium/inorganic phosphate)
imbalance, uremic toxins, oxidative stress, chronic and
low-grade inflammation as well as activation of various
signaling pathways in endothelial and vascular smooth
muscle cells (VSMCs), among others (15,16). In particular,
VC is associated with elevated cardiovascular risk in CKD
patients (17). Oxidative stress is the result of an imbalance
between the production and elimination of reactive oxygen
species (ROS) in CKD and is considered a hallmark feature
of CKD-associated CVDs. Compared to pre-dialysis
uremic patients, ESRD patients on both peritoneal dialysis
(PD) and hemodialysis (HD) express enhanced oxidative
stress (18-20). In CKD patients, calcifications are severe in
the media of the vessel wall, which is documented in several
clinical and autopsy studies (21,22). Intimal and medial
calcification frequently co-exists in CKD patients and their
burden is greater than in non-CKD patients. Calcification
in large arteries is associated with the presence of atheroma
plaques whereas calcification in VSMC rich small arteries
is often observed in the Tunica media (23). Mineral bone
metabolism derangements and disorder contributes to
CKD-related vascular injury and VC (24,25). Causal
factors for VC are likely to be the instability of calcium
and phosphate ions respectively the limited calcium-
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phosphate homeostasis due to impaired renal function
and the abnormal differentiation of VSMC to osteoblast/
chondroblast-like cells.

These findings were clinically confirmed by the results
of the NEFRONA study (26,27). This study showed
a tendency towards a higher prevalence of plaques in
advanced CKD categories. The prevalence of femoral
artery plaques, for example, are significantly associated
with CKD (28,29). These results suggest that the severity
of CKD is an independent factor influencing subclinical
atheromatosis (27). Furthermore, the NEFRONA study was
able to show that the cause of CKD influences the prevalence
of atheromatosis. Diabetic nephropathy, for example,
results in a higher risk of subclinical atheromatosis (30).
Given the increased incidence of PAD in CKD and its
association with increased mortality in dialysis patients,
screening for and early diagnosis of PAD is important (31).
Figure 1 gives a schematic overview of both the distribution
of VCs in CKD patients and factors and mechanisms that
potentially contribute to atherosclerosis.

Specific considerations in the treatment of PAD in the
ESRD patients

Outcome after revascularization and endovascular
treatment in patients with CKD
The outcome after vascular interventions is worse in
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Figure 1 General factors influencing vascular disease in patients with CKD. (A) Schematic representation of medial (concentric) and

intimal (eccentric) calcification. (B) Factors and mechanisms potentially contributing to atherosclerosis in CKD. In patients without renal

dysfunction, calcification is deposited mainly in the intima whereas CKD patients present with more pronounced medial calcification.

Intimal and medial calcification frequently co-exists in CKD patients. CKD, chronic kidney disease; VSMC, vascular smooth muscle cells.

patients with CKD compared to patients without CKD
among others due to a higher incidence of perioperative
mortality, limb loss after revascularization and delayed
wound healing (32,33). Furthermore, some studies conclude
that revascularization outcomes of peripheral vessels are
worse in individuals with CKD including ESRD (34-36). In
the retrospective study by Meyer ez 4/. including 102 ESRD
and 674 non-ESRD patients with critical limb ischemia
(CLI), ESRD patients showed significantly worse results at
2 years with regard to amputation-free survival (AFS, ESRD
35.4% wvs. non-ESRD, 67.2%), major amputation (ESRD
24.5% vs. non-ESRD 15.8%) and death (ESRD 55.0% uvs.
non-ESRD, 20.7%) (35).

To date, there are no prospective data to help select
CKD patients for revascularization. However, a study
found that subcohorts of CKD patients without extensive
tissue necrosis or uncontrolled infection may benefit from
revascularization, particularly in the ambulatory setting (37).
On the other hand, worse outcomes are described in
dialysis patients and, therefore, careful consideration and
patient selection is mandatory. However, there are only few
alternative management strategies for patients with CKD
and symptomatic PAD. Endovascular therapy nowadays
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is a minimally invasive therapy that can be pursued with
moderate sedation [fentanyl and versed (midazolam)] and
does not require general anesthesia.

Interventional therapy always should be accompanied
by aggressive medical therapy. The COMPASS and
VOYAGER PAD trial demonstrated that the combination
of antiplatelet and antithrombotic medications (including
rivaroxaban) improve the vascular outcome. Furthermore,
hypercholesteremia should be controlled with statins and/or
PCSK9 inhibitors and more aggressive control of diabetes
mellitus should be considered with GLP-1 and/or SGLT?2
inhibitors (8,9).

Influence of calcium burden on interventional treatment
options of PAD

The calcium burden represents one of the most widely
accepted predictors of failure of endovascular treatment
of PAD (38). The PACSS score is probably the most
widely used DSA and high-intensity fluoroscopy based
system to score the amount and distribution of intimal and
medial vessel wall calcification at the target lesion (39).
In the case of heavily calcified arteries, technical success
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and patency rates are lower (40-43). The mechanism of
angioplasty [percutaneous transluminal angioplasty (PTA)]
is based on enlarging the lumen by vessel wall stretching
and plaque fracture. The effect of both angioplasty and
stenting is limited by the alteration of the morphology and
the compliance of the vessel wall caused by a high calcium
burden (44). Flow limiting dissections after PTA and acute
vessel recoil is thereby increased as a result (45). For pure
vessel recoil, drug-coated balloons (DCB) can be considered.
The risk of stent malposition, subexpansion and fractures is
also increased by a high calcium burden (42,43,46). A large
number of studies have been carried out using different
devices to overcome these difficulties. Strategies included
the use of atherectomy devices, scoring balloons or cutting
balloons with the aim to improve angiographic results and
patency rates. However, the reported patency rates vary
considerably between studies (41,46-49).

Using scoring-balloons is that the entire force is
focused on a wire or blade edge mounted on the balloon
which allows a controlled plaque incision or dissection. In
bifurcation and ostial lesions, scoring or cutting balloons
may be the first consideration with the idea of minimizing
an expected plaque shift. In the study by Kronlage ez 4/, it
was shown that scoring balloon angioplasty did, however,
not significantly improve vessel patency—both when used
as an adjunctive in preparation for stenting and as stand-
alone treatment (50).

DCBs represent very promising devices for the treatment
of femoro-popliteal and below-the-knee lesions (38,51-54).
Paclitaxel interferes with microtubule interactions during
mitosis, effectively halting mitosis and ultimately resulting
in apoptosis, reducing the rate of neointimal hyperplasia.
However, in order for paclitaxel to exert this effect, a
deep penetration of the drug into the media layers of the
vessel wall is required (38). VC may counteract this effect
and the efficacy of DCB. Fanelli ez a/. could demonstrate
that these are particularly limited only in completely
circularly calcified arteries (38). As such strategies of vessel
preparation are recommended to overcome the barrier
set by the VC. Besides the application of scoring balloon
angioplasty to crack the calcified plaques atherectomy
has been proposed as a tool for vessel preparation. In this
concept atherectomy and antirestenotic therapy with DCBs
is combined to achieve synergistic effects. Atherectomy is
expected prepare the vessel for drug delivery and subsequent
absorption of the paclitaxel into the vessel wall combined
with debulking and enhancement of vessel compliance
(10,46,55). Figure 2 shows a case of a CKD patient with
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high-grade stenosis of the popliteal artery where this
technique has been used. The prospective, multicenter
and randomized controlled DEFINITIVE AR study
investigated the safety and the effect of treating vessels with
directional atherectomy (DA) before DCB angioplasty (DA
+ DCB) as compared with DCB angioplasty alone (10).
This study with up to 15% CKD patients in each arm
showed that even in the non-randomized arm with heavy
calcifications the strategy of directional atherectomy and
antirestenotic therapy (DAART) was feasible and effective.
Calcification burden and lesion length >10 cm were
identified as potential predictors for superior outcomes for
the combination therapy. These results were confirmed
by the VIVA REALITY study which assessed the safety
and efficiency of a vessel preparation strategy with DA
prior to DCB angioplasty in patients with symptomatic
severely calcified femoropopliteal PAD (56). However, in
both studies the subgroups with up to 15% CKD patients
were not separately evaluated. DA is usually non-feasible in
extensive calcium load [grade 4 according to the Peripheral
Arterial Calcium Scoring System (PACSS score)] combined
with long lesion lengths.

In order to overcome these severe calcifications, specific
techniques were developed. One strategy is to exclude the
vascular calcium by using long stent-grafts. Hinchliffe ez 4/.
described the more aggressive “pave-and-crack” technique
to facilitate the introduction of aortic stent-grafts through
stenosed iliac arteries (57). In femoro-popliteal arteries,
this technique is used to achieve luminal gain by lining
these vessels with a covered stent and subsequent aggressive
balloon dilation to. Dias-Neto et 4/. provide a description of
a version of this technique in the setting of femoropopliteal
disease (11). Hereby, aggressive pre-dilatation is followed
by implantation of nitinol-woven Supera™ stents (Abbott
Vascular, Santa Clara, CA, USA). Dias-Neto et 4/. described
the use of Supera™ stents after implantation of a Viabahn®
stent-graft (Gore Medical, W. L. Gore & Associates Inc.,
Newark, Delaware, USA) which provides a mechanical
barrier to prevent rupture and to facilitate exaggerated
balloon dilatation. The interwoven nitinol stent is used to
overcome elastic recoil and maintain flexibility. In this study,
a 12-month primary patency rate of 79% was achieved
which is in line or even superior compared to studies using
Viabahn® alone in long calcified lesions (72% to 75%)
(58-61). In their study, more than half of the cohort of
patients with extreme calcium load suffered from CKD.
Figure 3 illustrates a case of a patient with CKD who
underwent endovascular therapy using the “pave-and-crack”
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Figure 2 Endovascular therapy of 81-year-old patient with CKD and high-grade stenosis of the popliteal artery (P2 segment) using

atherectomy and drug-coated balloon technique. (A) High-grade stenosis of the popliteal artery [P2 segment (white arrowhead)]. (B) Distal

protection device for directional atherectomy (white arrowheads indicating P2 stenosis and protection device). (C) Directional atherectomy

using the HawkOne™ atherectomy system (Medtronic, Dublin, Treland) without complications and satisfactory result with debulking of the

calcified plaque. (D) Dilatation of the stenosis with a drug-coated balloon (Passeo-18 Lux 5/40 mm; Biotronik, Berlin, Germany). (E) Final

angiogram after DCB showing no relevant dissection or residual stenosis (white arrowhead). Flow was significantly improved. CKD, chronic

kidney disease; DCB, drug-coated balloon.

technique.

Iodine-based contrast media in CKD

Patients with pre-existing CKD are especially vulnerable
to the risk of renal adverse events when using iodine-
based contrast media. The exact definition of the high-
risk population as well as the appropriate scheme of renal
protective medication before application of iodine-based
contrast media are subjects of debate and research. The
highest risk of iodine-based contrast media administration
exists when the estimated glomerular filtration rate (eGFR)
is less than 30 mL/min/1.73 m’ (62-65). With eGFR of
30 mL/min/1.73 m’ or greater, studies found no benefit
of prophylactic i.v. fluids over no prophylaxis for CKD
patients (64,66-68). Therefore, prophylactic i.v. fluids are
recommended in current guidelines for patients with acute
kidney injury (AKI) or with CKD with eGFR less than
30 mL/min/1.73 m’ who are not undergoing maintenance
dialysis (69). These patients represent 0.1% to 0.5% of
the general population and 0.05% to 1.8% of patients
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undergoing elective contrast procedures (70-73).

CIN is an AKI which might lead to a permanent loss
of renal function. Cardiovascular interventional studies in
CDK patients observed CIN in up to 15% of patients and
40-50% of patients at high risk for contrast-induced AKI
(preexisting eGFR less than 30 mL/min/1.73 m’) (74,75).

Compared to the intra-arterial administration of iodine-
based contrast media, the intravenous injection might reduce
AKI by avoiding microembolization and by reducing peak
contrast media concentration in the renal arteries (76-79).
The randomized, so called Coronary Artery Disease
Management study (CAD-MAN) compared the procedural
complications of cardiac catheterization (intra-arterial) to
CT angiography (intravenous) in patients with low-to-
intermediate pre-test probability for obstructive coronary
artery disease (CAD) (80). After intra-arterial contrast
media administration, both AKI (13.2% vs. 5.6%) and CKD
in patients with postcontrast AKI (12-fold greater risk) were
more likely compared to intravenous administration (81).
The non-randomized study by Moore et 4l. also showed a
higher incidence of AKI after invasive cardiac catheterization
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Figure 3 Endovascular therapy of 72-year-old patient with CKD and peripheral artery disease (Rutherford Stage 5) before planned minor
amputation in the area of the forefoot using “pave-and-crack” technique. (A) In the femoropopliteal segment, severe calcification with
multisegmental stenoses (white arrowheads) of the proximal SFA (a). In the distal SFA at the junction to the popliteal artery short-segment
CTO [red arrowhead, (b)]. At the lower leg, functional 2-vessel run-off via the anterior tibial artery and the peroneal artery (c). Subintimal
crossing of the occlusion with subsequent pre-dilatation using a 5 mm PTA balloon (d,e). To exclude the vascular calcium subsequent
implantation of 2 Viabahn® endoprostheses (7/250 mm proximal; 6/100 mm distal (7/250 mm proximal; 6/100 mm distal; Gore Medical,
W. L. Gore & Associates Inc., Newark, Delaware, USA) was performed (f). Because of rigid recoil despite the endoprosthesis in the distal
region, indication for reinforcement of the endoprosthesis using a 5.5/180 mm interwoven nitinol stent (SuperaTM, Abbott Vascular, Santa
Clara, CA, USA) (g). Final angiogram showed a very good result with reconstruction of the femoropopliteal segment (h). (B) Chronic ulcer
of the right foot before endovascular treatment with plantar defect. After endovascular treatment, the tissue defect improved. CKD, chronic

kidney disease; SFA, superficial femoral artery; CTO, chronic total occlusion; PTA, percutaneous transluminal angioplasty.

with intra-arterially injected contrast media compared
to CT with intravenous administration (4.4% vs. 1.2%).
These results are in line with large observational studies
showing a higher probability of AKI after intra-arterial than
after intravenous contrast media administration (14.4% vs.
6.4%) (82-84). In contrast, a paired cohort study found only
minor, non-significant differences between intravenously
and intra-arterially administered iodine-based contrast
media regarding AKI frequencies (9.9% vs. 11%) (85).
Comparable results were reported by Karlsberg er al. for
the intraindividual comparison between peripheral CT

© Cardiovascular Diagnosis and Therapy. All rights reserved.

angiography and peripheral angiography (7.6% vs. 8.7%,
P=0.641) (86).

In clinical routine, different strategies are used to prevent
CIN. However, the level of evidence supporting these renal
protective strategies is low. A randomized controlled study
comparing different strategies of prophylactic hydration
in patients at high risk of CIN found that none of the
strategies (oral hydration vs. intravenous hydration) to be
non-inferior in preventing CIN (67,87). Another study by
Weisbord et al. showed that among patients at high risk
for renal complications, there was no additional benefit
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of oral acetylcysteine, intravenous sodium bicarbonate
or intravenous sodium chloride compared to placebo
concerning the persistent decline in kidney function,
need for dialysis and the prevention of CI-AKI (88).
The PRESERVE trial as the largest study including
5,177 patients with high risk for renal complications
examined the effect of intravenous sodium bicarbonate,
intravenous sodium chloride, oral acetylcysteine or placebo
and could also not detect any significant differences between
the study groups (88-90).

The European Society of Urogenital Radiology (ESUR)
differentiates between patient-related and procedure-
related risk factors for AKI. Patient-related risk factors
include an eGFR less than 45 mL/min/1.73 m’ regarding
intra-arterially administered iodine-based contrast media
with first pass renal exposure and an eGFR less than
30 mL/min/1.73 m’ regarding intravenously or intra-
arterially administered contrast media with second pass
renal exposure. According to the ESUR, 75% of injected
iodine-based contrast media is excreted within the following
4 hours in the presence of normal or moderately reduced
renal function (GFR >30 mL/min/1.73 m®). Therefore,
a timeframe of 4 hours between injections of iodine-
based contrast media should be respected. In the presence
of severely reduced renal function (GFR <30 mL/min/
1.73 m’), repeated administration of iodine-based contrast
media should be performed with at least 48 hours in-
between. If patients are anuric and on dialysis in case of
ESRD, repetitive iodine injections can be performed as long
as the fluid status is closely monitored clinically. Iodine- and
gadolinium-based contrast media can be removed by HD or
peritoneal dialysis. There is, however, no evidence that HD
prevents from post contrast AKI or nephrogenic systemic

fibrosis (NSF) (91).

Endovascular therapy guided by intravascular ultrasound
aus)

IVUS guidance is a modern possibility to guide peripheral
vascular interventions. However, the benefit of IVUS
including patient outcome has been mostly examined in
cardiac interventions.

Data for the use of IVUS in peripheral interventions
is still sparse. However, there are some data showing that
IVUS may improve endovascular procedures such as the
detection rate of significant vascular lesions and the extent
of dissection after angioplasty (PTA) (92,93). Two studies by
Kawasaki er a/. proposed that IVUS may reduce the amount

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Ruff et al. Endovascular considerations in ESRD

of iodine-based contrast media used for endovascular
procedures (94,95).

Endovascular therapy guided by CO, angiography

Lowering the risk of CIN through minimizing the use
of iodine-based contrast media during endovascular
interventions is challenging when optimal diagnostic
imaging and angiographic guidance should be maintained.
Hawkins pioneered the intra-arterial application of CO,
angiography for high-risk patients in the 1970s (96).
Current studies show that CO, angiography may provide
an effective and safe alternative to iodine-based contrast
media in CKD patients or patients with allergy to iodine-
based contrast media (4,97,98). CO, provides a negative
contrast image with digital subtraction angiography by
displacing blood. CO, angiography, however, has not
been standardized yet. Specialist equipment is required in
order to ensure safe delivery of CO,. The safety volume
for CO, injections is still not clarified and varies between
studies. Diamantopoulos ez 4/. limited the amount of total
gas volume per time interval to no more than 100 cc of
CO, over a 2-minute interval (4). The inferior image
quality of CO, angiography is due to the lower viscosity
of CO, compared to iodine-based contrast media and due
to possible motion artefacts from transient discomfort
during injection by the expansion of the gas when it exits
the catheter (5). In the study by Madhusudhan ez 4., severe
and mild leg pain occurred in 4.8% respectively 28.6%
of patients during the CO, injection and 18% cent of
examinations needed to be discontinued in case of high flow
rates and volumes (99).

Despite CO, being regarded as a kidney protective
alternative to iodine-based contrast media, a recent meta-
analysis comparing the incidence of AKI in angiography
with CO, versus iodine-based contrast media could show
that its use is only associated with a modestly reduced rate
of AKI of 6.2% (6). Other factors such as thromboembolic
events during interventional procedures may, therefore,
also contribute to renal impairment following peripheral
angiography. Figure 4 illustrates a case of endovascular

therapy guided by CO, angiography.

Future implications and limitations of the review

Patients with severely impaired renal function are an
underrepresented minority in many studies on endovascular
techniques. The quality of data considering specific
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Multiple, highly calcified stenoses depicted by CO,

angiography. Outflow via peroneal artery

141

POBA femoropopliteal followed by DEB angioplasty

with extension of a pre-existing proximal stent

Ulcer formation in the foot region with beginning wound healing in the further course after endovascular treatment

Figure 4 Endovascular therapy guided by CO, angiography in a 74-year-old patient with advanced renal impairment and allergy to iodine-

containing contrast agent. (A) CO, angiography of the left leg showing a with significant focal stenosis at the junction of the external iliac

and the common femoral artery combined with multisegmental, severely calcified stenoses in the further course of the SFA. In the distal

SFA then longer stretched considerably calcified stenosis, likewise in the popliteal artery (white arrowheads indicating multiple stenoses).

Therapy consisted of balloon angiography (POBA) in the SFA, followed by stent implantation using a self-expandable laser cut nitinol stent

(each corresponding to the white arrowheads). Control angiogram showed significantly improved flow. (B) Ulceration with necrotic tissue in

the left ankle region with beginning wound healing in the further course after endovascular treatment. DEB, drug-eluting balloon; POBA,

plain old balloon angioplasty; SFA, superficial femoral artery.

endovascular treatment options like CO, angiography,
is still one of the major limitations in patients with
CDK. Therefore, more randomized trials would be an
essential step to improve quality of data in the context of
endovascular therapy with accompanying medical treatment
for patients with impaired renal function.

Summary

CKD patients have a high cardiovascular-related risk with
regard to morbidity and mortality. Onset and progression

© Cardiovascular Diagnosis and Therapy. All rights reserved.

of VC begin early in the development of CKD and are
promoted by various factors. VC in large arteries is
associated with the presence of atheroma plaques whereas
calcification in VSMC rich small arteries is often observed
in the Tunica media. The high prevalence of atherosclerotic
lesions and the rigidity of severe VCs in CKD patients
with CVDs cause problems in endovascular therapy in
the medium and long term despite new technologies and
products. CKD patients are at risk of developing CIN.
Despite limited evidence for specific renal protective
measures, any action that may help reduce the risk of
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CIN should be considered. IVUS may reduce the amount
of iodine-based contrast media used for endovascular
procedures and CO, angiography may provide an effective
and safe alternative to iodine-based contrast media in
selected patients with CKD. Given the limited outcomes in
CKD patients following peripheral vascular interventions,
aggressive approaches like the use of endoprosthesis or
stents with high radial force are indicated. Additionally,
vascular patients with CKD may benefit from a more
aggressive medical management.
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