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Aims The feasibility, safety, and clinical utility of percutaneous coronary intervention (PCI) without radio-contrast medium in

patients with advanced chronic kidney disease (CKD) are unknown. In this series, we investigated a specific strategy for

‘zero contrast’ PCI with the aims of preserving renal function and preventing the need for renal replacement therapy

(RRT) in patients with advanced CKD.

Methods

and results

A total of 31 patients with advanced CKD [creatinine ¼ 4.2 mg/dL, inter-quartile range (IQR) 3.1–4.8, estimated glom-

erular filtration rate ¼ 16+ 8 mL/min/1.73 m2] who had clinical indication for PCI based on a prior minimal contrast

coronary angiogramwere included. Zero contrast PCI was performed at least 1 week after diagnostic angiography using

real-time intravascular ultrasound (IVUS) guidance, with pre- and post-PCI measurements of fractional flow reserve and

coronary flow reserve to confirm physiological improvement. This approach resulted in successful PCI, no major

adverse cardiovascular events and preservation of renal function without the need for RRT within a follow-up time

of 79 days (IQR 33–207) in all patients.

Conclusion In patients with advanced CKD who require revascularization, PCI may safely be performed without contrast using

IVUS and physiological guidance with high procedural success and without complications.
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Keywords Percutaneous coronary intervention † Chronic kidney disease † Contrast-induced nephropathy † Intravascular

ultrasonography † Coronary physiology

Introduction

Contrast-induced nephropathy (CIN) is associated with increased

morbidity andmortality1–3 including the need for renal replacement

therapy (RRT). Various pharmacological and cardiac interventional

approaches have been examined to reduce the risk of CIN,1 but no

specific measures for patients with advanced chronic kidney disease

(CKD) have been determined. Established approaches to prevent

CIN include peri-procedural hydration4 and minimizing contrast

volume (CV).1 Despite these measures, percutaneous coronary

intervention (PCI) in patients with advanced CKD is associated

with a high risk of CIN and requirement for RRT, leading to under-

utilization of PCI in these high-risk patients.

Percutaneous coronary intervention with minimal CV using vari-

ous techniques and imaging modalities has been previously de-

scribed,5 and PCI with no contrast use has been reported in one
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patient with contrast allergy.6 Herein we describe a novel approach

that involves PCI with zero contrast administration for revasculari-

zation in 31 selected consecutive patients with advanced CKD and

report their clinical outcomes.

Methods

Study design and inclusion and exclusion
criteria
We performed a retrospective analysis of data from patients with ad-

vanced CKD stages 4–5 [estimated glomerular filtration rate (eGFR)

,30 mL/min/1.73 m2 by theModification of Diet in Renal Disease equa-

tion] who had a clinical indication for coronary angiography for stable

coronary artery disease (CAD). The analysis is representative of data

from 31 consecutive patients who were selected based on ultra-low

contrast angiography to undergo zero contrast PCI at our institution.

During the study period, seven patients with stage 4–5 CKD and posi-

tive functional tests for ischaemic CAD who were initially considered

suitable for zero contrast PCI were subsequently excluded from the

procedures due to the findings on angiography of chronic total occlu-

sion (CTO, 3 patients) and severely calcified lesions in tortuous arteries

in the presence of poor left ventricular function (4 patients). Require-

ment for rotational atherectomy in non-tortuous arteries was not an ab-

solute exclusion criterion, and two such patients were included in the

study.

Protocol for diagnostic angiography and zero
contrast percutaneous coronary intervention
As previously recommended, modified ultra-low contrast techniques

were applied for initial diagnostic angiography.5 A CV/eGFR ratio ,1

was pre-determined as the maximum limit for contrast media. When

the CV/eGFR ,1 mandated CV ,15 mL, contrast medium was diluted

with saline to a higher volume to allow for injection of all coronary arter-

ies. Iso-osmolar contrast medium (iodixanol) was used in all cases.Where

indicated, staged PCI was performed at a minimum interval of 1 week to

minimize the risk of CIN. Pre-procedural discussion with the patients in-

cluded potential benefits of revascularization and risks of complications,

in particular acute kidney injury (AKI) and the need for RRT. Details of

the strategy for zero contrast PCI to minimize the risk of AKI were

explained, and possible indications for radio-contrast use during the

PCI, including managing procedural complications and assessing a lack of

improvement in physiological indices (FFR ,0.80 or CFR ,2),7 were

discussed. All patients provided informed written consent (Columbia

University Institutional Review Board protocol AAAQ7039).

Procedures were performed via femoral or radial access. Baseline

echocardiography was performed to check for pre-existing pericardial

effusion. Interventional pharmacology included intra-procedural

heparin and loading with dual anti-platelet agents. Prior to the PCI,

the previous angiogram was uploaded to the monitors as a guide. A pre-

procedural left ventricular end-diastolic pressure was recorded to guide

intravenous hydration for the remainder of the procedure as previously

described.4 Guide catheter engagement was confirmed by entry of the

workhorse wire into the coronary artery. For safety, an exaggerated

curvewas created to form a loop once the wirewas beyond the stenotic

lesion. Additional guide wires were placed in the branches to silhouette

the artery and branches based on the previous angiogram (Figure 1). The

metallic silhouette of the coronary anatomy was used as the road map

for PCI, with the position of the guide wires in major branches used as

important landmarks to guide PCI and to protect the side branches

when PCI was performed around branching points. Using a pressure

wire (Certus, St Jude Medical, St Paul, MN, USA), baseline fractional

flow reserve (FFR) and coronary flow reserve (CFR) were recorded.

Procedural planning was performed with intravascular ultrasound

(IVUS) guidance. An automated IVUS pullback was performed in the tar-

get vessel to identify the proximal and distal landing zones, aiming for

segments with plaque burden ,55% to minimize the risk of stent

edge complications.8 The reference diameters were determined by

the mean of at least two measurements from external elastic lamina

(EEL) to EEL taken both proximally and distally. The smaller of the

two mean measurements was used to select the diameter of the pre-

dilation balloons and stents. The stent length was based on the distance

between the two reference areas. The IVUS catheter was then

re-advanced manually to the distal and proximal landing zones and

‘dry’ cine angiograms performed to allow co-registration of the refer-

ence segments for stent placement. The distal reference on dry cine

projection was marked and used as the reference on the monitors. If

pre-dilation was indicated, a compliant balloon was used and escalated

to a same-sized non-compliant (NC) balloon if necessary. Following

stent implantation, IVUS was repeated to identify under-expansion de-

fined as minimum stent area,90% of the mean of the proximal and dis-

tal stent reference lumen areas. An NC balloon matched to the

respective proximal or distal reference diameters was used for post-

dilation of under-expanded segments. A final IVUS was performed to

assess for stent expansion, edge dissection, or intramural haematoma

followed by repeated physiological measurements to confirm improve-

ment in FFR (.0.80) and CFR (.2).

When femoral access was used, femoral angiography was not per-

formed and haemostasis was achieved by manual compression. Post

PCI, echocardiography was repeated in the cardiac catheterization la-

boratory to check for new or enlarging pericardial effusion. Pre-

determined absolute indications for angiography included chest pain,

ECG changes consistent with ischaemia, failure of improvement in

physiological indices, or new or enlarging pericardial effusion. In these

cases, angiography aids in identification and management of undetected

coronary perforation, and combined with repeat IVUS where necessary,

the underlying cause for lack of physiological improvement including sig-

nificant edge dissection or haematoma, distal embolization, and subopti-

mal stent expansion. Following discharge, a metabolic panel was

checked within 1 week and repeated within the following 6 months.

Results

Clinical and procedural characteristics are presented in Table 1. The

mean age of the patients was 66+ 11 years and the majority (81%)

were males with multiple cardiac risk factors. All patients had ad-

vanced CKD with median creatinine of 4.2 mg/dL [inter-quartile

range (IQR) 3.1–4.8], and eGFR ¼ 16+8 mL/min/1.73 m2). Initial

diagnostic angiography was performed with ultra-low CV (13 mL,

IQR 12–15), and CV/eGFR target ratio of ,1 was achieved in all

cases (Table 1), with contrast dilution necessary in eight (26%) pa-

tients. More than half of the patients had single vessel disease with

the majority of the stenotic lesions found in the left anterior des-

cending artery and right coronary artery. Renal function measured

within 21 h (IQR 9–36) following angiography remained stable in

all patients (creatinine: 3.9 mg/dL, IQR 2.9–4.9; eGFR ¼ 18+

8 mL/min/1.73 m2; P. 0.05) with no patient requiring RRT.

During staged PCI, the haemodynamic significance of coronary

lesions was documented by physiological measurements (pre-

procedure FFR 0.74, IQR 0.70–0.77) and CFR (1.4, IQR 1.1–1.9).

Of coronary lesions treated, 42% were class B2 or C on American

3091Zero contrast PCI in renal failure
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College of Cardiology/American Heart Association classification

system, and two lesions required rotational atherectomy. The ma-

jority of patients received a single stent, with both pre- and post-

dilation (Table 1). Post-PCI median minimal stent area (MSA) was

6.8 mm2 (IQR 5.9–8.3) with the pre-determined target MSA

achieved in 87% of patients. Physiological parameters improved in

all patients [post-procedure FFR (0.92, IQR 0.90–0.93) and CFR

(2.6, IQR 2.3–4.2)]. No contrast was used in any of these 31 se-

lected consecutive patients.

At a median follow-up period of 79 days (IQR 33–207), neither

creatinine levels (3.7, IQR 3.0–4.5; P ¼ 0.69) nor eGFR (18, IQR

14–22 mL/min/1.73 m2; P ¼ 0.70) significantly changed (Table 1),

and no patient required RRT. Furthermore, there were nomajor ad-

verse cardiovascular events, including stent thrombosis, myocardial

infarction (MI), repeat revascularization, or death.

Discussion

We describe a method of sequential diagnostic angiography using

ultra-low volumes of contrast followed by staged physiology- and

IVUS-guided zero contrast PCI in patients with advanced CKD.

This approach resulted in safe and successful PCI without CIN or

the need for RRT in this extremely high-risk group of patients. To

our knowledge, this is the first reported series of physiology- and

imaging-guided zero contrast PCI in the literature.

Several risk factors are common to both CKD and CAD. Accord-

ingly, patients with CKD have a higher incidence and burden of ath-

erosclerosis.2,9 Many characteristics predictive of advanced

atherosclerosis are also major risk factors for CIN,2,10 thus com-

plicating PCI in patients with CKD. It is therefore not surprising

that cardiac revascularization is under-utilized in this group of

patients.9,10 In the absence of evidence from randomized trials,

observational studies have shown better survival compared with

medical therapy in patients with CKD and multivessel CAD who

undergo revascularization across all categories of renal function.11,12

However, concerns regarding CIN and procedure-related RRT can

inhibit the performance of revascularization in patients with ad-

vanced CKD, especially those approaching end-stage renal disease.

Pre-existent renal disease is the strongest independent predictor for

development of CIN and the requirement for RRT, which develop in

27 and 4% of patients with severe CKD, respectively.13 Contrast-

induced nephropathy is independently associated with adverse

events including death, MI, and bleeding,2,3,13 the rates of which

dramatically increase if RRT is required, whether temporary or

permanent.13,14

Our strategy of performing zero contrast PCI, staged after min-

imal contrast diagnostic angiography, facilitates procedural planning

after the diagnostic study, and minimizes the CV that would have to

be administered in a single procedure should complications develop.

Staged PCI also allows time for better discussion with patients re-

garding the treatment options, allowing true informed consent to

Figure 1 Ultra-low contrast coronary angiography followed by staged percutaneous coronary intervention with zero contrast. Cine images

recorded at the initial angiography using ultra-low contrast volume are displayed on adjoining screen during the staged percutaneous coronary

intervention (A) and used to guide catheter engagement, coronary guidewire placement in the left anterior descending artery, diagonal branch, and

the circumflex artery, thus creating a metallic silhouette of the left coronary system (B). Intravascular ultrasound imaging of the left anterior des-

cending artery is performed with proximal reference diameter (≈4.5 mm) (1), minimal luminal area (3.71 mm2) (2), and distal reference diameter

(≈4.0 mm) (3) measured for selection of the appropriate pre-dilation balloon and stent sizes. The co-registered dry cine image of intravascular

ultrasound transducer placed at the distal reference (C) is used to guide the percutaneous coronary intervention. Following preparation of the

lesion and deployment of a 3.5 × 38 mm drug-eluting stent (D), intravascular ultrasound is repeated to assess the result, to determine the prox-

imal (9.6 mm2) (4) and distal (7.7 mm2) (6) reference areas, and to guide post-dilation of under-expanded segments to achieve the pre-determined

MSA, defined as .90% of the mean of the proximal and distal reference areas, (7.9 mm2) (5).

3092 Z.A. Ali et al.
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be obtained. We chose to perform the staged PCI no earlier than 7

days after the angiography because CIN typically occurs within the

first week after the contrast exposure.1 Systemic clearance of the

contrast material via renal excretion, although markedly slower in

severe CKD, is expected to be almost complete within this time

period.15 The 2014 European Society of Cardiology/European

Association for Cardio-Thoracic Surgery guidelines on myocardial

revascularization advocate ad hoc rather than staged PCI in patients

with CKD and extensive atherosclerosis, if substantial contrast use

in one single invasive procedure can be avoided, to minimize the

risk of AKI secondary to atheroemboli.16 Although atheroemboli

have been shown to contribute to ≏10% of acute nephropathy

secondary to PCI,14 the lack of worsening renal function following

staged PCI in our study strongly suggests that CIN is the major

cause of acute nephropathy post PCI and that staged zero contrast

PCI would be a favourable approach in this extremely high-risk

group.

Given the potential risk of undetected coronary perforation, we

closely monitored intra-procedural invasive haemodynamics with

an upstream strategy of pre- and post-PCI echocardiography in

the catheterization laboratory. Although final angiography with min-

imum contrast can in principle be performed to assess the final re-

sults, successful PCI as assessed by physiology and imaging obviates

the need for contrast exposure, which even in minimum amounts

can cause CIN in patients with advanced CKD.17 To assess improve-

ment in physiological parameters, we used a dedicated pressure

wire to measure both FFR and CFR (Certus, St Jude Medical, St

Paul, MN, USA). While physiological assessment using this tech-

nique requires repeated coronary wiring pre and post PCI, use of

a rapid-exchange microcatheter-based pressure measurement sys-

tem (ACIST RXi System, ACIST Medical Systems, Eden Prairie,

MN, USA) could eliminate this need, potentially providing a safer

and more rapid assessment, albeit of FFR only. Data to support

the utility of post-PCI FFR for successful revascularization is mount-

ing,18 supporting the potential for integration of a microcatheter-

based pressuremeasurement approach into our zero contrast strat-

egy. Indeed, in our cohort FFR and CFR improved concordantly in all

cases (Table 1).

For intravascular imaging, we utilized IVUS as it is the imaging mo-

dality of choice in patients with advanced CKD because it does not

require blood clearance by contrast media. Nevertheless, as we

have recently reported, zero contrast PCI guided by automated op-

tical coherence tomography angiography co-registration using non-

contrast flush media can safely be performed19 and may confer a

major advantage given the angiography co-registration feature.

The use of microcatheter-based FFR measurement and OCT may

also help in shortening the zero contrast procedure times (Table 1),

which due to repeated intravascular imaging and physiological mea-

surements are longer than conventional PCI in centres with similar

level of case load and expertise.20

This study has several limitations. The present report is a small,

non-randomized study performed at a high-volume, single centre.

The methods described are tailored for patients with stable CAD

and not ACS. Patients with CTO and highly complex lesions, includ-

ing heavily calcified plaques within tortuous arteries requiring rota-

tional atherectomy in the presence of poor left ventricular function,

were excluded. However, our current experience does indicate that

zero contrast PCI with atheroblation may also be safe and feasible in

selected patients. Patients with complex multivessel disease and ad-

vanced CKD may be better managed with bypass graft surgery ra-

ther than PCI if substantial contrast use cannot be avoided. Finally,

successfully performing our technique requires expertise with IVUS

and coronary physiology, which may not be widely utilized in many

laboratories.

In conclusion, we report a strategy for zero contrast PCI that can

be utilized in experienced centres with expertise with intravascular

imaging and physiology to safely revascularize selected high-risk

patients with advanced CKD.
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