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Abstract

Background: Contrast-associated acute kidney injury (CA-AKI) results in increased morbidity and mortality, prolonged
hospitalization, and worse clinical outcomes. Prior studies have shown that limiting contrast volume (CV) to less than
3 times the estimated glomerular filtration rate (eGFR) implies a lower risk of CA-AKI, and both efficacy and superior
outcomes are associated with ultra-low contrast (ULC) volume coronary procedures (total CV < eGFR).

Obijectives: This systematic review and meta-analysis aimed to compare clinical outcomes of ULC versus conventional
percutaneous coronary intervention (PCI) in patients with chronic kidney disease.

Methods: The search was conducted in the databases PubMed/MEDLINE, Cochrane, Embase, Scopus, and Web of
Science, including all studies reporting clinical outcomes of ULC PCI. The primary efficacy endpoint was the incidence
of CA-AKI, and secondary endpoints were need for dialysis, all-cause mortality, and major adverse cardiovascular events
(MACE), defined as the composite endpoint of all-cause mortality, non-fatal myocardial infarction, and clinically driven
target lesion revascularization.

Results: Six studies met the inclusion criteria and were included in the final analysis, encompassing a total of 274,102
patients. ULC PCl was associated with a statistically significant reduction of CA-AKI (risk ratio=0.27; 95% Cl1=0.13-0.56;
p=0.0004). In turn, ULC PCI did not result in statistically significant reduction of need for dialysis (risk ratio=0.33; 95%
C1=0.06-1.72; p=0.186), all-cause mortality (risk ratio=0.48; 95% Cl=0.17-1.39; p=0.18), and MACE (risk ratio=0.52;
95% Cl= 0.21-1.30; p=0.16).

Conclusions: ULC, as compared to conventional PCl, in patients with chronic kidney disease, was found to be safe,
feasible, and associated with a statistically significant reduction of CA-AKI. Further, larger, well-powered, randomized,
and controlled trials are warranted in order to reassure these findings.

Keywords: Contrast Media; Percutaneous Coronary Intervention; Acute Kidney Injury; Systematic Review; Meta-Analysis.

Over time, improved recognition of risk factors, optimization
of contrast agents, and implementation of preventive care
resulted in lower rates of CA-AKI.?

Introduction

Characterized by an impairment in renal function
occurring within days after contrast media intravascular
administration, in the absence of alternative etiologies,'?
contrast-associated acute kidney injury (CA-AKI) results in
increased morbidity and mortality, prolonged hospitalization,
and worse clinical outcomes.**

Appropriate hydration, use of low-osmolar or iso-osmolar
contrast media, and contrast volume (CV) minimization are
the unique evidence-based resources that have been effective
at decreasing CA-AKI.>*7

Prior studies have shown that limiting CV to less than 3
times the estimated glomerular filtration rate (eGFR) implies
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lower risk of CA-AKI,*® and both efficacy and superior
outcomes are associated with ultra-low contrast (ULC) volume
(total CV =< eGFR) coronary procedures.®'0'3

This systematic review and meta-analysis aimed to compare
clinical outcomes of ULC versus conventional percutaneous
coronary intervention (PCI) in patients with chronic kidney
disease (CKD).
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Central lllustration: Ultra-Low Contrast versus Conventional Percutaneous Coronary Intervention for
Patients with Baseline Renal Impairment: A Systematic Review and Meta-Analysis of Clinical Outcomes
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Ultra-Low Contrast (ULC) PCI for
Chronic Kidney Disease
A Meta-Analysis of Clinical Outcomes

The Challenge: Protecting High-Risk Patients

A

High-Risk Population
Patients with Chronic Kidney

The Goal: ULC PCI
The Ultra-Low Contrast (ULC)
strategy aims to minimize kidney
injury by limiting contrast volume (CV)
to CV<GFR

The Danger: CA-AKI
Contrast-Associated Acute Kidney

Disease (CKD) undergoing Injury (CA-AKI) leads to increased
Percutaneous Coronary Intervention morbidity, mortality, and

(PCI) are highly pi ged hospitalization.

Study Design: A Systematic Review & Meta-Analysis

This analysis synthesized data from 6 studies to compare two different PCI strategies.

Primary Endpoint: A Significant Reduction in CA-AKI

The ULC PCI strategy was associated with a 73% relative risk reduction for Contrast-
Associated Acute Kidney Injury. This finding was statistically significant
(RR=0.27, IC 95%=0.13-0.56, p=0.0004).
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Secondary Endpoints: Comparable Safety Outcomes

While ULC PCI showed a strong trend towards better outcomes, there was no statistically
significant reduction in the need for dialysis, all-cause mortality, or MACE,
demonstrating its safety profile.

ULC PCI (Intervention)
Total Contrast Volume
<

Conventional PCI (Control)
Total Contrast Volume

s >
Estimated GFR Estimated GFR

Conclusion

In patients with chronic kidney disease, Ultra-Low Contrast (ULC) PCI was found to be

a safe and feasible strategy. It is associated with a statistically significant reduction
in CA-AKI compared to conventional PCI.
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Need for Dialysis: RR = 0.3; [C 95% = 0.06-1.72; p = 0.186
All-cause Mortality: RR = 0.48; IC 95% = 0.17-1.39; p = 0.18
MACE: RR = 0.52; IC 95% = 0.21-1.30; p = 0.16
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Methods

This systematic review with meta-analysis followed
guidelines and resolutions determined by the Cochrane
Handbook™ and Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) 2020 statement.'

In addition, this project has been registered in PROSPERO
(https://www.crd.york.ac.uk/PROSPERO/) with protocol
number CRD420251108750.

Search strategy

The search was conducted autonomously by two
researchers (RS-M & CF) into the databases PubMed/
MEDLINE, Cochrane, Embase, Scopus, and Web of Science,
including all studies reporting clinical outcomes of ULC PCI.
Boolean operators “AND” and “OR” were applied to combine
the terms “Ultra-Low Contrast”, “Percutaneous Coronary
Intervention”, and “PCl”. This same strategy was used in all
of the databases.

Eligibility criteria
Inclusion criteria

The main question for this systematic review was: “Is
ultra-low contrast PCl, as compared to conventional PClI,

safe and feasible?” This question was substantiated and
formulated using the PICOTT framework,'®"” with the
following components:

* Population (P): adults with baseline CKD (eGFR<
60mL/min/1.73m2) undergoing PCl;

* Intervention (I): ultra-low contrast PCl (total CV < eGFR
for each respective patient);

* Comparison (C): conventional PCl (upon standard
systematic contrast opacification of coronary arteries
for planning, guidance, and assessment of multiple
procedural steps and results of PCI, without attempts,
techniques, or strategies to minimize total CV);

* Outcomes (O):
—_Primary endpoint: periprocedural CA-AKI;

— Secondary endpoints: need for dialysis, all-cause
mortality, and major adverse cardiovascular events
(MACE), defined as the composite endpoint
of all-cause mortality, non-fatal myocardial
infarction, and clinically driven target lesion
revascularization;

e Type of Study (T): randomized clinical trials and
observational studies;

» Time (T): periprocedural up to 6-month follow-up.
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Exclusion criteria

Exclusion criteria applied for this study were as follows:
1) studies that only addressed ULC strategy without any
comparison arm; 2) studies that reported exclusively
intravascular ultrasound (IVUS)-guided PCI outcomes; 3)
studies without explicit reporting of CV; and 4) studies that
did not report quantitative data on CA-AKI or relevant renal
outcomes. Additionally, case reports, reviews, conference
abstracts, and non-original research were not included in this
systematic review and meta-analysis.

Studies selection

The first screening targeted mainly the title and abstract,
without any restrictions on publication date. All articles were
imported into the Rayyan platform (https://www.rayyan.]ai/)."®

Initially, all duplicates were excluded, and then title and
abstract screening started. At this stage, all articles that did not
directly pertain to the topic of interest were excluded. This
step was carried out independently by two reviewers (RS-M
and LS); any uncertainties were resolved with the assistance
of a third researcher (MDO).

Endpoints

The primary efficacy endpoint was the incidence of
periprocedural CA-AKI.

Secondary endpoints were need for dialysis, all-cause
mortality, and MACE, defined as the composite endpoint
of all-cause mortality, non-fatal myocardial infarction, and
clinically driven target lesion revascularization, periprocedural
up to 6-month follow-up.

Definitions

ULC PCI was defined as PCI performed utilizing a total
CV < eCFR for each respective patient.

Zero-contrast (or non-contrast) PCI, a special subset of
ULC PClI, was defined as PCI performed utilizing zero mL of
contrast dye.

Conventional PCl was defined as PCI performed upon
standard systematic contrast opacification of coronary arteries
for planning, guidance, and assessment of multiple procedural
steps and results of PCl, without attempts, techniques, or
strategies to minimize total CV.

According to Kidney Disease Improving Global Outcomes,
CA-AKI was defined as an increase in serum creatinine by
=0.3 mg/dL within 48h after contrast media exposure, or by
=50% within 7 days."

Data extraction

The following data were extracted from the selected
articles according to the study criteria: authors, year of
publication, study location, type of study (randomized clinical
trial or observational), sample size, patient demographic
characteristics, procedural characteristics, contrast volume,
follow-up time, endpoints and outcomes (CA-AKI, need for
dialysis, all-cause mortality and MACE), and main results.
Two reviewers (RS-M and LS) independently extracted and
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managed all data, which were recorded in an EXCEL®
spreadsheet. Any doubts were resolved with the assistance
of a third researcher (MDO).

Quality assessment

One randomized clinical trial and five observational
studies were included in this meta-analysis, and the Risk
Of Bias In Non-randomized Studies of Interventions
(ROBINS-I) tool** was applied, focusing especially on bias
related to study design, confounding factors, participant
selection, and outcome assessment. Two independent
reviewers (LS and RS-M) conducted risk of bias assessments,
assigning scores based on established criteria for each tool.
Discrepancies between reviewers were resolved through
discussion and, when necessary, a third reviewer (MDO)
was consulted to achieve consensus. The authors did not
use any automated tools during the risk of bias assessment;
all grades and evaluations were manually performed by
experienced reviewers.

Statistical analysis

This meta-analysis was conducted following established
methodological standards. A random-effects model
was employed to account for potential heterogeneity
among studies. For binary outcomes, risk ratio (RR)
with corresponding 95% confidence interval (Cl) were
calculated. Statistical significance was defined as p-values
< 0.05. Heterogeneity was assessed using the |2 statistic,
with values > 50% indicating substantial heterogeneity. For
such cases, sensitivity analyses were performed using the
leave-one-out method, and Baujat plots were generated to
assess the influence of each individual study on the overall
effect size. Potential publication bias was evaluated through
funnel plots constructed for each outcome. All statistical
analyses were conducted using R™ within the RStudio”
environment (version 2024.11.0+488).

Results

Study selection

A total of 188 records were identified from PubMed
(n = 34), Scopus (n = 39), Web of Science (n = 44),
Embase (n = 66), and Cochrane (n = 5). After removing
123 duplicates, 65 records remained for title and abstract
screening. Among these, 14 articles were selected for
full-text evaluation. Finally, six studies met the inclusion
criteria and were then included in the final analysis. This
search process is illustrated in Figure 1.

Baseline characteristics of included studies and patients

Table 1 presents the characteristics of the studies included
in the current systematic review and meta-analysis, depicting
baseline patient information. Most studies demonstrated good
balance across the two groups in the number of participants,
sex distribution, and age. However, there were some important
variations in eGFR values and prevalence of comorbidities.
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Primary outcome

Contrast-associated acute kidney injury

The meta-analysis of CA-AKI incidence demonstrated
an overall pooled RR of 0.27 (95% Cl=0.13-0.56) under a
random-effects model, favoring ULC PCI over conventional
PCI. The analysis revealed substantial heterogeneity
(12=96.7%), indicating significant variability among included
studies in terms of design, populations, and procedural
protocols. Despite this high heterogeneity, the test for overall
effect was statistically significant (Z=-3.52, p=0.0004),
supporting a potential protective role of ULC PCl in reducing
CA-AKI, as compared to conventional PCI (Figure 2 and
Central lllustration).

Secondary outcomes

Need for dialysis

The meta-analysis of the need for dialysis demonstrated
an overall pooled RR of 0.33 (95% Cl=0.06-1.72) under
a random-effects model, favoring ULC PCl, as compared
to conventional PCl, though without statistical significance
(Z=-1.32, p=0.186). The analysis revealed considerable
heterogeneity (12=86.8%), suggesting substantial differences
among included studies in terms of design, baseline renal
function, and criteria for renal replacement therapy initiation.
Although the point estimate suggests a potential protective
effect, the wide Cl and high heterogeneity preclude definitive
conclusions (Figure 3 and Central Illustration).

All-cause mortality

The meta-analysis of all-cause mortality demonstrated
an overall pooled RR of 0.48 (95% CI=0.17-1.39)
under the random-effects model, favoring ULC PCl over
conventional PCl, although without reaching statistical
significance (Z=-1.35, p=0.18). The high degree of
heterogeneity (12=93.7%) indicates substantial variability
among included studies, likely due to differences in
patient selection, procedural techniques, or endpoint
definitions. While the point estimate suggests a potential
mortality benefit for ULC strategies, wide Cl and marked
heterogeneity preclude reliable conclusions (Figure 4 and
Central Illustration).

Major adverse cardiovascular events

The meta-analysis of MACE showed an overall pooled
RR of 0.52 (95% Cl= 0.21-1.30) under a random-effects
model, suggesting a possible reduction in MACE with ULC
PCl, as compared to conventional PCl, although this finding
did not reach statistical significance (Z=-1.40, p=0.16).
Moderate heterogeneity was observed (12 = 63.8%),
reflecting some variability in study protocols, MACE
definitions, or patient populations. Despite the direction
of effect favoring ULC PCl, Cl was wide and crossed
unity, precluding firm conclusions (Figure 5 and Central
[llustration).

Sensitivity analysis

Sensitivity analyses using Leave-one-out, Baujat, and
Funnel methods were performed to investigate sources
of heterogeneity. Exclusion of Shibata et al.21 reduced
heterogeneity to 0% for MACE outcome (Figure 5), and
exclusion of Gurm et al.8 reduced heterogeneity to 68% for
all-cause mortality (Figure 4) and to 65% for need for dialysis
outcomes, respectively (Figure 3).

Quality assessment

Since one randomized trial was included in this meta-analysis,
risk of bias (RoB) assessment was implemented through the
Cochrane RoB 2 tool,* following the Cochrane Handbook for
Systematic Reviews of Interventions,'* which indicated a moderate
risk of bias. This was primarily due to unclear randomization
methods and some missing outcome data (Supplemental Figure 1).

PubMed search: 34 results
|
Scopus search: 39 results
|
Web of Science search: 44 results
|
Embase search: 66 results
|

Cochrane search: 5 results

Identification

Number screened: 188 results

— Duplicate reports (n=123)

Screening

— Excluded by title/abstract (n=51)

Full-text reviewed: 14 studies

— No follow-up (n=2)

Elegibility

— No outcomes of interest (n=5)

— Other (n=1)

Included 6 included studies

Figure 1 - PRISMA flow diagram.

Arq Bras Cardiol. 2026; 123(4):e20250660

4



| Article

igina

Ultra-Low Contrast vs. Conventional Percutaneous Coronary Intervention
.

Or

Oliveira et al.

428 18 UBJ| WOy poyjaw ay) Buisn UoReINSp pJepue)S F UBSW 0] POULIOJSUE)
SANJEA, UOIBINGD PIEPUE]S T UBSW 10 (%) N SE PajIodal SanjeA, ‘pajodal-uou YN ‘Uoluaia)ul A1euoloo snoaueina.ad :19d (abues ajiienbiaur) ueipaw Jo ‘(*ou) Jaquinu ‘Uo/BIASP PJEPUE)S F UBAW Sk pajuasaJd aJe ejeq 9joN

N

N

N

N

00721

LL0FLLL

12d
[ELORUBAUO)

uN

N

N

N

9/00
oL

10d
jsequo)
MOT-BAIN

x¢/'09 xl'Cl
F096 FG6
€< 1>

H499/A)  H499/AD

9,8 6Ly
19922 F8590L
S5°€L 67,
LML FL6L
(0dl) (0dl)

68EFYW ElLFVY

81'5¢ (8'6%)
ST W0
10d
_aco_u_wM_Eoo JSEUCY
_ MOT-BHN

w09
F8YC

N

N

N

g€l
92,

76

T8V

10d

BUORUSAUO
! 0 moT-enin

uonewuojul Juaned auljoseq Buoidap ‘siskjeue-ejow pue maiaal aewa)sAs JuaLINg ul Papn[oul SAIPNJS Jo SINSUd)IRIEYY — | d|qeL

wVY
/16l

=\

N

N

43
F6'8¢

96'6
F0CTy

10d
jsenuoy

(001) €01

(001)
691'8€C

N

N

(0o1) 08

(7'€9) 92

10d

|BUORUSAUO)

(o01) 8

(0o1)
12911

N

N

(001) 05

(7'¢9) 92

19d
Jsequ0)
moT-eain

sajadeid (96) 29
uoisuapadAy
(¢ze)  uoisuspadiy
265612/ (£'€6) Tv80L
seledelq  /sejeqelq
(8es)  (999) 19v9
GeL'gel
uoisuapadAy  uoisuapiadAH
(668)ves  (0€9) 1818
2L /SepOeIq  /selegelq
(068) 9evs  (62h) 62y
uoisuspadAy  uoisuspadAH
(29%) 7L (L16) v
/seldeld  /sajeqeig
(Len)v.  (@v9) 9%
uoisuapadAy  uoisuapiadAH
(0g9)ve (00 SE
/selgelq  /sejedeid
(0'85) 62 (0%9) 22
uoisuspadAy  uoisuapadAH
(88) %€/ (89) 82/
sejacelq sejedeIq
(82 (e9) v&
12d
_m:o_hwuéoo JSEUeY
Mo

)
F09.
wb bl wb Ll
FL€L FL€L
oL G801
F8EVL F6V'.S
0l ¥89 6¥69
och vl
F.0L F€CL
18 88
F/1°09 FYL9
10d
10d
|RUORUBAUOY eI
moT-enn

(52) €8

(5'89) (9€9)
62E6EL 168/
(529) (269)
2108 289
o (8)6e
(9er @)
(enoe @)1

10d
eUOl _ww_>: Jsequoy
fuopuenued MoT-esin

€0l

691'8€C

¢S6°€l

asl

04

12d

|EUORUBAUO)

8 angoadsonay Ay

1oLl Hoyo) vsn

1586 onjoadsanay  vSn

8y aARoadsonsy  vSN

05 Moyo)  uedep

14 paziopuey  eipuj

10d
1Senuon - -
moT-eain

/R
ezzy

sle1®
JemuebBy

slele
uung

ise
juemes

e
EleqIS

&1
BABISEAUS

Arq Bras Cardiol. 2026; 123(4):e20250660



Oliveira et al.
Ultra-Low Contrast vs. Conventional Percutaneous Coronary Intervention

Original Article

Additionally, five non-randomized studies were included
in this meta-analysis and evaluated by the ROBINS-I
tool?® (Supplemental Figure 1). Two of these studies
exhibited a serious risk of bias, mainly due to baseline
differences between the two groups analyzed: there were
significant differences in eGFR and substantial disparities
in the number of patients in each group. These baseline
imbalances can introduce confounding factors that may
distort observed effects and compromise internal validity.

Other studies demonstrated a moderate risk of bias
in Domain 1 (confounding). While the ROBINS-I tool*
provides a structured approach to assess this domain,
the inherent risk in non-randomized studies must be
considered, and some residual confounding topics can
still influence results.

Additional risks identified included unclear study
protocols and retrospective allocation of patients, both
of which can introduce biases. Unclear protocols can
lead to inconsistencies in study implementation, while
retrospective allocation can result in selection bias.

Meta-regression

Regarding the high heterogeneity observed, a meta-
regression analysis was performed to explore possible
sources of variability. A statistically significant association
was found between the mean age of patients in the ULC
PCI group and the risks of CA-AKI (log[RR] = -5.20 +
0.0615 x mean age, p < 0.001, R?2 = 100%, Supplemental
Figure 2) and death (log[RR] = =9.11 + 0.1205 x mean
age, p = 0.009, R2 = 66.8%, 12 resid 69%, Supplemental
Figure 3), indicating that age explained the heterogeneity
among studies. This finding can be explained by the well-
known relationship between age and reduced functional
reserve, suggesting that older individuals are more likely to
develop CA-AKI and to die, as compared to younger ones.

Discussion

The main finding of this systematic review and meta-
analysis comparing ULC versus conventional PCI in
patients with baseline CKD was that ULC PCI resulted
in a statistically significant reduction (RR=0.27; 95%
Cl=0.13-0.56; p=0.0004) of CA-AKI, which is associated
with unfavorable prognosis, deleterious clinical outcomes,
prolonged hospitalization, and increased mortality.>>

ULC PCl is a contemporary approach that incorporates
best practices such as invasive physiology, intravascular
imaging, and advanced radiographic tools instead of
radiographic contrast.* By combining those tools, with
expected safety improvement, both short- and long-term
procedural results of these procedures should be better
than with conventional angiographic guidance.

Nowadays, several strategies are described to reduce
CV during PCL.> Among these approaches, IVUS guidance
appears to be the most effective.

The MOZART (Minimizing cOntrast utiliZation With
IVUS Guidance in coRonary angioplasTy) study** was the
first randomized trial to prove that an intravascular imaging—

first strategy can cut contrast use by ~2/3 without harming
acute PCl results. Kumar et al.?* described their experience
with IVUS-guided zero-contrast PCl in 42 consecutive CKD
patients (mean eGFR: 30.67 = 12.26 mL/min/1.73 m?,
66 vessels, 21.2% left main PCI). Technical success was
92.4% without any major complications at 3-12-months-
follow up. Truong et al.?* evaluated a ULC IVUS-guided
PCl strategy for 80 patients (100 lesions) with moderate to
severe CKD (eGFR <50 mL/min/1.73 m?). Mean CV per
procedure was 10.3=7.2mL. All PCls were successfully
performed, without periprocedural complications. Only
1 patient experienced CA-AKI (1.2%) as compared with a
predicted incidence of 21.2%+10.4% using the Mehran
score?® (p<0.00001). Sekerak et al.?” retrospectively
evaluated 100 patients (median baseline eGFR: 21.5 mL/
min/1.73m?, median total CV: 8mL, and median CV/eGFR:
0.37) who underwent IVUS-guided ULC PCI. Similarly to
the present meta-analysis, outcomes included CA-AKI,
death, dialysis requirement, and MACE at 1-year follow-up.
There was no significant difference between pre- and post-
procedure eGFR (p = 0.84). At 1 year, 8% of patients died,
11% required dialysis, and 33% experienced MACE. Allali
et al.?® assessed 26 patients with advanced CKD undergoing
IVUS-guided ULC rotational atherectomy, as compared to
a propensity-matched population of standard PCI. Efficacy
was assessed by freedom from CA-AKI after PCl. Mean
eGFR was 32 =17 mL/min/1.73m?; angiographic success
was achieved in 100%; and median CV was 12.5mL. CA-
AKI occurred in one versus five patients in the standard
group (p=0.19).

In a randomized clinical study, Shrivastava et al.* assessed
short-term outcomes and safety of ULC versus conventional
PCl in 82 acute coronary syndrome patients at high risk for
CA-AKI (eGFR < 60mL/min/1.73m? and moderate to very
high pre-procedural risk of developing CA-AKI, as calculated
by the Maioli risk calculator).?® IVUS was used only in 17%
of patients of the ULC PCI group. Likewise, the present
meta-analysis, CA-AKI (primary outcome) occurred more
in the conventional PCI group (17.1% vs. 0%; p = 0.012),
and there was no significant difference in secondary safety
outcomes at 30-day follow-up.

Aggarwal et al.” analyzed 463,753 patients with baseline
CKD (eGFR < 60mL/min/1.73m2) from the National
Cardiovascular Data Registry CathPCI registry. As in the
present meta-analysis, the primary outcome was the
occurrence of CA-AKI. Compared to low CV (>1 CV/eGFR
<3), patients who received high CV (CV/eGFR =3) had
a higher incidence (adjusted odds ratio=1.36; Cl=1.28
to 1.45) and a higher stage (adjusted odds ratio=1.90;
Cl=1.80 to 2.00) of CA-AKI, whose incidence was similar
between low CV and ULC (CV < eGFR). The need for
dialysis was higher in patients who received high CV
(2.8%), as compared to low CV (0.8%), and ULC (0.8%)
(p < 0.001). Similarly, Gurm et al.® assessed outcomes
of ULC PCI among 75,393 patients. Compared to low
CV (>1 CV/eGFR <3), ULC (CV < eGFR, undertaken in
only 13% of procedures) was associated with significantly
lower incidences of CA-AKI (adjusted odds ratio = 0.682,
95% Cl=0.566-0.821, p < 0.001) and need for dialysis

Arq Bras Cardiol. 2026; 123(4):e20250660
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Ultra-Low Conventional Risk Ratio

Study Events Total Events Total Weight RR 95% Cl 1V, Random, 95% ClI

Aggarwal, 2025 1289 11621 51206 238169  39.3% 0.52 [0.49; 0.54] : D

Azzalini, 2019 0 8 16 103 6.1% 0.37 [0.02; 5.63] :

Gurm, 2018 145 9857 1073 13952  38.5% 0.19 [0.16;0.23] I:]

Sawant, 2024 1 48 24 152 10.3% 0.13  [0.02; 0.95] —

Shrivastava, 2022 0 41 7 4 5.8% 0.07 [0.00; 1.13] :

Total (IC 95%) 1435 21575 52326 252417 100.0% 0.27 [0.13; 0.56] :

Heterogeneity: Tau? = 0.3578; Chiz = 121.25, df = 4 (p < 0.0001); 1> =96.7% I T ® r .

Test for overall effect: Z = -3.52 (p = 0.000424) 0.01 0.1 1 10 100
Favours Ultra-Low Favours Control

Figure 2 - Forest plot for CA-AKI outcome. The analysis shows overall CA-AKI rates comparing ULC versus conventional PCI across
included studies. The black diamond at the bottom represents pooled RR derived from the meta-analysis. CA-AKI: contrast-associated
acute kidney injury; ULC: ultra-low contrast; PCI: percutaneous coronary intervention; Cl: Confidence Interval; RR: Risk Ratio.

Ultra-Low Conventional Risk Ratio
Study Events Total Events Total Weight RR 95% CI IV, Random, 95% CI
Aggarwal, 2025 93 11621 6668 238169  32.7% 0.29 [0.23;0.35] |:|
Gurm, 2018 9 9850 189 13945  31.2% 0.07 [0.03;0.13] E :
Shibata, 2022 4 50 1 50 21.2% 4.00 [0.46; 34.54] =~
Shrivastava, 2022 0 4 1 4 15.0% 0.33 [0.01;7.95] £
Total (IC 95%) 106 21562 6859 252205 100.0% 0.33 [0.06; 1.72] _..
Heterogeneity: Tau? = 2.1936; Chi? = 22.70, df = 3 (p < 0.0001); 1> = 86.8% [ T 11 |
Test for overall effect: Z =-1.32 (p = 0.186430) 0.1 051 2 10

Favours Ultra-Low Favours Control

Figure 3 - Forest plot for the need for dialysis outcome. The analysis shows the overall need for dialysis rates comparing ULC versus
conventional PCI across included studies. The black diamond at the bottom represents pooled RR derived from the meta-analysis.
ULC: ultra-low contrast; PCI: percutaneous coronary intervention; Cl: confidence interval; RR: risk ratio.

Ultra-Low Conventional Risk Ratio
Study Events Total Events Total Weight RR 95% ClI IV, Random, 95% CI
Aggarwal, 2025 278 11621 13100 238169  23,2% 0,43 [0,39; 0,49] |:|
Azzalini, 2019 4 8 45 103 20,9% 1,14 [0,55; 2,37] :
Gurm, 2018 36 9857 495 13952  22,7% 0,10 [0,07;0,14] E :
Sawant, 2024 0 48 5 152 8,5% 0,29 [0,02; 5,08] =
Shibata, 2022 7 50 3 50 17,2% 2,33 [0,64; 8,51] P
Shrivastava, 2022 0 41 1 41 75% 0,33 [0,01;7,95] -
Total (IC 95%) 325 21625 13649 252467 100,0% 0,48 [0,17;1,39]
Heterogeneity: Tau? = 1,2376; Chi2 = 79,00, df =5 (p < 0,0001); I =93,7% [ I T |
Test for overall effect: Z=-1,35 (p = 0,177257) 0,1 05 1 2 10
Favours Ultra-Low Favours Control

Figure 4 - Forest plot for all-cause mortality outcome. The analysis shows the overall mortality rates comparing ULC versus conventional
PCI across all included studies. The black diamond at the bottom represents pooled RR.
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Heterogeneity: Tau? = 0.3832; Chi? = 5.53, df = 2 (p = 0.0630); I = 63.8%
Test for overall effect: Z =-1.40 (p = 0.162166)

Ultra-Low Conventional Risk Ratio
Study Events Total Events Total Weight RR 95% CI 1V, Random, 95% CI
Gurm, 2018 107 9859 403 13945  55.4% 0.38 [0.30; 0.46] D
Sawant, 2024 0 48 9 152 8.9% 0.17 [0.01;2.79] I
Shibata, 2022 8 50 7 50 35.8% 1.14 [0.45;2.91]
Total (IC 95%) 1435 21575 52326 252417 100.0% 0.27 [0.21;1.30]

0.01 0.1 1 10 100
Favours Ultra-Low Favours Control

Figure 5 — Forest plot for MACE outcome. The analysis shows overall MACE rates comparing ULC versus conventional PCI across
included studies. The black diamond at the bottom represents pooled RR derived from the meta-analysis. MACE: major adverse
cardiovascular outcome; ULC: ultra-low contrast; PCI: percutaneous coronary intervention; Cl: confidence interval; RR: risk ratio.

(adjusted odds ratio = 0.341, 95% Cl= 0.165-0.704,
p=0.003). Benefits were most evident in patients with
high baseline predicted risk of CA-AKI.

In turn, Azzalini et al.* evaluated data from 111 patients
(8 in the ULC and 103 in the conventional PCI groups)
with advanced CKD (eGFR < 30 mL/min/1.73 m?2). Total
CV was markedly lower in the ULC PCI group (8.8mL
vs 90mL; p < 0.001). ULC PCI protocol was successful
in 88% of the cases, including two-stent bifurcation,
rotational atherectomy, and mechanically supported
chronic total occlusion PCI. The incidences of CA-AKI
were 0% and 15.5% in the ULC and conventional PCI
groups, respectively (p = 0.28). Likewise, Sawant et al.”!
compared clinical outcomes of ULC (48 patients) versus
conventional PCI (152 patients). The primary endpoint
(CA-AKI or need for dialysis) was lower in the ULC PClI
group (2% vs. 15.8%, p=0.01). The incidence of all-cause
mortality was similar in both groups. During the 6-month
follow-up, the decrement in renal function was lower in
the ULC PCI group.

After propensity score matching, Shibata et al.?' assessed 50
patients divided into zero-contrast PCl and conventional PCI
groups. Unlike the present meta-analysis, the primary endpoint
was the incidence of MACE, which was similar between the
groups (p = 0.95). Zero-contrast PCl was successful in all
procedures, with no CA-AKI, need for dialysis, or procedural
complications.

Future perspectives

With the ongoing development of technologies and
further innovation in the field, ULC PCl will become
widely performed, which will broaden the effectiveness
of percutaneous revascularization techniques. Apart from
patients with CKD, contrast-sparing techniques might
be incorporated in several clinical settings, like complex
disease percutaneous revascularization, coronary artery
dissections, circulatory shock, contrast allergies, impaired
left ventricular function, out-of-hospital cardiac arrest,
acute coronary syndromes, structural interventions,
including transcatheter aortic valve replacement, among

others. In such contexts, ULC PCl and systematic use
of physiology and intravascular imaging enhance the
likelihood of optimal results.>”

Study limitations

The present systematic review and meta-analysis have
several limitations. The inclusion of a few and predominantly
non-randomized studies introduces potential bias, affecting
the reliability of results. Studies with positive findings may
be more likely to be published. Relevant heterogeneity
(12>50%) in all outcomes - CA-AKI (12>96%), need for
dialysis (12>86%), all-cause mortality (12>93%), and MACE
(12>63%) - reflects significant variability in study design,
patient population and selection, procedural protocols
and techniques, baseline renal function, criteria for renal
replacement therapy initiation, endpoints definitions,
among others. While efforts were made to mitigate
heterogeneity, residual confounding factors likely persist.
These limitations underscore the need for further larger,
well-powered, randomized, and controlled trials, with
standardized protocols, methodologies, and extended
follow-up periods, to strengthen evidence base and refine
clinical recommendations.

Conclusions

Ultra-low contrast, as compared to conventional
percutaneous coronary intervention, in patients with CKD,
was found to be safe, feasible, and associated with a statistically
significant reduction of contrast-associated acute kidney injury.
Further, larger, well-powered, randomized, and controlled
trials are warranted in order to reassure these findings.
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