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Abstract
Background

The practical utility of minimum contrast procedures in a real world setting is unclear. In this trial, the reality of this
strategy was investigated.

Methods

Patients with an estimated glomerular filtration rate (eGFR) of <=45 ml/min/1.73m2 were included in this study
with dates ranging from Jan 17th 2012 to Oct 8th 2013. Various methods to minimize the amount of contrast media
were applied. An achievement rate of contrast volume/eGFR<2.0 was calculated and the characteristics of the
patients and catheter procedures were investigated.

Results

A total of 88 patients were enrolled. There were 34 patients who underwent a diagnostic coronary angiogram
(CAG group) and 54 patients who underwent an interventional procedure (PCl group). The PCI group tended to use
a larger amount of contrast media compared to the CAG group (39 + 49 ml vs 25 + 14 ml, p=0.06). A ratio of
contrast volume to eGFR of less than 2.0 was achieved in 100% of the CAG group but in only 82% of the PCI group.
The patients with complex procedures (complex PCI) such as use of a rotablator and treatment of chronic total
occlusion used significantly more contrast media than patients with other procedures (simple PCI). (87 £ 69 ml vs 23
+ 27 ml, p=0.006) Surprisingly, when simple PCI group was compared to the CAG group, there was no difference in
the contrast volume used. (23 + 27 vs 25 + 14 ml, p=0.708)

Conclusions

Simple PCI can be done as safely as in CAG patients with chronic kidney dysfunction. Complex PCI should be
done with careful assessment of the balance between risk and benefit.

However, none have resulted without controversy, in the
establishment of key drugs that can effectively prevent CIN [1,8,9]. As
of today, the established and widely accepted regimen to prevent the
occurrence of CIN has only been hydration with intravenous infusion
of isotonic saline (NaCl 0.9%). Minimizing the amount of contrast
media to be used is a more intuitive way to prevent this complication
but the amount of the contrast media needs to be extremely low in
order to see a meaningful preventive effect [10-13]. There have been
sporadic case reports about the possibility of minimum contrast
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Introduction

Contrast induced nephropathy (CIN) is an important complication
following exposure to iodinated contrast media. It is defined as an
absolute creatinine level increase of 0.5 mg/dl and/or as a relative
creatinine increase of 25% 48-72 hours after the usage of contrast

media [1-5].

The occurrence of CIN is associated with increased mortality and
morbidity [3,6,7]. There have been various attempts to reduce the
incidence of this complication with pharmaceutical approaches.

procedures utilizing various imaging modalities and techniques
[14-16]. However, the practical utility of these procedures in a real
world setting is not clear. In this trial, the reality of this strategy in real
world practice was investigated prospectively.
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Materials and Methods Modified Ultra-Low Contrast techniques from previous reports
were applied. The details about the techniques are shown in Table 1.
Patients It is reported that the ratio of the volume of contrast media to the

The study population consisted of patients who underwent either a
coronary angiogram (CAG) or percutaneous coronary intervention
(PCI) from Jan 17th, 2012 to Oct 8th, 2013 in three medical hospitals.
Patients were screened at outpatient department with a blood test and
echocardiogram. The patients whose estimated glomerular filtration
rate (eGFR) of >45 ml/min/1.73 m? or who were not suitable for
receiving hydration with intravenous infusion of isotonic saline were
excluded from the study (i.e. acute coronary syndrome, hemodialysis,
cardiogenic shock, severe chronic heart failure, refusal of staying in the
hospital for hydration, etc). Patients were admitted to the hospital the
day before the procedure and were administered body weight (kg)x1
ml of isotonic saline at least 12 hours before and after the catheter
procedures.

The ethics committee at all three hospitals approved the protocol,
and a written informed consent was obtained from all patients.

Clinical demographics

The hospital records of all patients were reviewed to obtain clinical
demographics, laboratory results, and drug information. Risk factors
for coronary artery disease were defined as diabetes mellitus,
hypertension, hypercholesterolemia (medication dependent), smoking
(active smoking or having stopped smoking <6 months before the
study), and family history. The eGFR was calculated using the
Modification of Diet in Renal Disease (MDRD) study group equation
for Japanese people as follows: eGFR = 0.881 x 186 X [serum
creatinine (mg/dL)]-1.154 x (age)— 0.203(x 0.742 for women) [17].

Minimum contrast procedures

Use small diameter catheters (i.e, 4-5 French for diagnostic and 5-6
1 French for interventional procedure if it is possible) without side-holes.

2 Use biplane angiography machine

Remove contrast from the catheter by aspiration prior to insertion of
3 another device (wire, balloon, IVUS, etc).

Use a pressure wire rather than taking multiple coronary angiogram to
4 evaluate the severity of coronary stenosis

5 Do not do ad hoc PCI unless there is an unavoidable reason

Use IVUS for pre-PCl lesion assessment, selection of the size of
6 therapeutic devices, and post-PCl result assessment.

During PClI, especially in the treatment of CTO, use a microcatheter for the
7 selected regional imaging with extremely minimum amount of contrast.

During the treatment of CTO, use IVUS guide wire manipulation whenever
8 it is applicable.

Start with the target CV/eGFR<1 and consider if the procedures can be
done with the target CV/eGFR<2 when the volume of contrast exceeded
9 CV/eGFR=1.

Make CV/eGFR<2 as a final target dose of contrast volume.

Table 1: Modified Ultra-low Contrast technique; IVUS: intravascular
ultrasound, PCI: percutaneous coronary intervention; CTO: chronic
total occlusion; CV/eGFR: the ratio of contrast volume to the
estimated glomerular filtration rate

creatinine clearance>3.7 is an independent predictor of CIN [18].
Although eGFR is a brief version of creatinine clearance, we made the
ratio of contrast volume to the eGFR (CV/eGFR)<2.0 as a final target
dose of contrast media to be used. We set up a safety margin for the
final target contrast media volume assuming an abnormal coronary
anatomy, complications during the procedure, and an ad hoc
procedure in a case in which it is unavoidable. All procedures were
performed using low-osmolarity contrast media (Iohexol, Iopaidol).

The definition of procedures

We defined procedures with the use of a rotablator™ (Boston
Scientific, MA, USA) and the treatment of chronic total occlusion
(CTO) as complex PCI. The procedures without complex PCI were
defined as simple PCL

The definition of CIN

The blood examinations were performed pre hydration, 48 hours
after the procedure, and at 1 week after the procedure. The occurrence
of CIN was defined as an absolute creatinine level increase of 0.5 mg/dl
and/or as a relative creatinine increase of 25% [4,5]. The percent
change of creatinine between pre and 48 hours after procedures was
calculated as; % change of creatinine = (Post creatinine — Pre
creatinine)*100 / Pre creatinine.

Statistical analysis

The results are presented as mean * standard deviation. An
unpaired t test for continuous and normally distributed variables and
Mann-Whitney’s U test for continuous and non-normally distributed
variables were used. A chi-squared test was used for categorical
variables. Two-sided p-values of less than 0.05 were considered
statistically significant. All statistical tests were performed using SPSS
version 21 (SPSS Inc., Chicago, IL, USA).

Results

A total of 3878 patients were admitted to three hospitals for either
an elective CAG or PCI during the study period. Of the patients who
agreed to stay in the hospital for three days to do a peri-procedural
hydration, and blood examination 48 hours and 1 week after the
procedures, 104 patients met the inclusion criteria of eGFR<=45 (out
of 465 eligible patients in entire cohort) and were considered to enter
the study. Six patients were excluded from the study due to heart
failure. Ten patients were excluded due to various reasons (entry to the
other studies, etc). As a result, a total of 88 patients (34 patients with
CAG and 54 patients with PCI) were enrolled and analyzed.

CAG and PCI

There were 34 patients who underwent a cardiac angiogram (CAG
group) and 54 patients who underwent a percutaneous coronary
intervention (PCI group). The PCI group tended to use a larger
amount of contrast media (39 + 49ml vs 25 + 14 ml, p=0.06) and
underwent a significantly longer procedure (90 + 60 min vs 28 + 13
min, p<0.001) compared to the CAG group. However, there was no
significant difference in the % change of creatinine between the two
groups (-9.1 + 10.5 vs -7.2 + 10.4, p=0.404) (Table 2).
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Factors associated with CV/eGFR>=2

A ratio of contrast volume to eGFR (CV/eGFR)<2.0 was achieved in
the entire CAG group but in only 82% of the PCI group (Table 2).
When comparing patients with CV/eGFR<2 and >=2, the latter group
had less radial approaches (40% vs 83%, p=0.002), longer procedure
times (123 + 62 min vs 59 + 51 min, p<0.001), more PCIs (100% vs
56%, p=0.008), the use of a rotablator (40% vs 4%, p<0.001), and the

g\ﬁ§4) group 512'54) group p value

Age (years) 797 757 0.004
Male (%) 19 (56) 41 (76) 0.049
Height (cm) 153 + 11 159+ 8 0.018
Body weight (kg) 57 +13 62 £ 11 0.032
Body Mass Index 24 +4 25%3 0.396
Body Surface Area (m?) 1.5+0.2 1.6+0.2 0.013
Diabetes mellitus (%) 13 (38) 25 (47) 0.412
Hypertension (%) 32 (94) 47 (87) 0.286
Hypercholesterolemia (%) 15 (44) 34 (63) 0.083
Ejection fraction (%) 60+ 13 61+ 11 0.671

Baseline creatinine (mg/dl) 1.3+0.3 1504 0.008
Baseline eGFR (ml/min/1.73m?) | 38 + 9 358 0.193
Baseline eGFR<30 (%) 9 (27) 12 (22) 0.649
CDr?;tmini (m:/f;‘l")r procedure| 4 5 4 g3 14+04 0.036
I(Drfﬂ)//mizn /f_f;grm%r)“ed“re €CFR| 37413 38 + 11 0.642
% change of creatinine (%) -7.2+104 -9.1+£10.5 0.404
::reat\iI;?:: (mgz;‘;‘gr procedure | 4 3, 04 15+05 0.009
(1m‘|’/V:1?[51‘j‘;t§rrn‘§)’°°ed“re eCFR | 374 11 36+ 11 0.563
Radial approach (%) 32 (94) 37 (69) 0.004
Contrast volume (ml) 25+ 14 39+49 0.06

Contrast volume/eGFR 0.7+0.3 11+£14 0.644
Contrast volume/eGFR<1.0 (%) | 29 (85) 36 (67) 0.053
Contrast volume/eGFR<2.0 (%) | 34 (100) 44 (82) 0.08

Contrast volume/eGFR<3.0 (%) | 34 (100) 46 (85) 0.019
Previous PCI (%) 20 (59) 28 (52) 0.522
Previous CABG (%) 3(9) 9(17) 0.297
Procedure time (min) 28+13 90 + 60 <0.001

treatment of CTO (30% vs 4%, p=0.002) (Table 3).

Table 2: Characteristics of patients between CAG and PCI group;
CAG: coronary artery angiography, PCIL: percutaneous coronary
intervention; eGFR: estimated glomerular filtration rate, CABG:
coronary artery bypass graft, % change of creatinine = (Post creatinine
- Pre creatinine)*100 / Pre creatinine

All procedures were without serious complication and all of the
interventional procedures were successful. None of the studied
patients suffered from CIN or nephropathy requiring dialysis.

CV/eGFR<2 CV/eGFR>=2
(n=T8) (n=10) p value
Age (years) 777 73+8 0.155
Male (%) 54 (69) 6 (60) 0.555
Height (cm) 157 £ 10 155 + 10 0.551
Body weight (kg) 61+12 55+ 11 0.198
Body Mass Index 245+34 23.1+£4.0 0.305
Body Surface Area (m?) 1.6+0.2 1.5+0.2 0.243
Diabetes mellitus (%) 34 (44) 4 (40) 0.803
Hypertension (%) 71 (91) 8 (80) 0.279
Hypercholesterolemia (%) 46 (59) 3 (30) 0.082
Ejection fraction (%) 61+ 11 59+ 15 0.738
Baseline creatinine (mg/dl) 14+04 1.5+£0.2 0.134
I1Ba733elir21e eGFR  (ml/min/ 38+ 12 36+8 0.093
.73m?)

Baseline eGFR<30 (%) 18 (23) 3 (30) 0.629
E;‘;Nniﬁe (;gzl) procedure| 4 34 0.4 1403 0.318
(Dn:‘/’ nﬁﬂj’f_‘%fgg"ed”m GFR| 34 12 368 0.628
% change of creatinine (%) -8.+9.5 -7.5+16.6 0.873
lrea‘{‘i’ﬁii‘; ( nf;‘/zrl) procedure| 4 44 0.5 14104 0.86

lGFvée(err‘;/m?:ﬁ.r?arﬂr?(;wdure srx1 326 0.239
Radial approach (%) 65 (83) 4 (40) 0.002
PCI (%) 44 (56) 10 (100) 0.008
Previous PCI (%) 41 (53) 7 (70) 0.297
Previous CABG (%) 9(12) 3 (30) 0.109
Ad hoc procedure (%) 6 (8) 3 (30) 0.007
mm')“”m lumen - diameter| ; g, 0.4 08£0.7 0.767
f::::)rence vessel diameter| , 64 0.5 28£0.3 0.307
Lesion Length (mm) 18+12 30+22 0.059
Severe calcification (%) 1(2) 3(30) 0.003
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Severe bending (%) 2(5) 0(0) 0.492
Bifurcation lesion (%) 4(9) 3 (30) 0.076
Rotablator (%) 3 (4) 4 (40) <0.001
60+
Chronic total occlusion (%) 3(4) 3(30) 0.002
Contrast volume (ml) 22 +17 124 + 52 <0.001 .
& ol
Procedure time (min) 59 + 51 123 £ 62 <0.001 g 40
o
Table 3: Characteristics of patients with or without CV/eGFR>=2; CV/
eGFR: the ratio of contrast volume to the estimated glomerular 204
filtration rate; PCIL: percutaneous coronary intervention, CABG:
coronary artery bypass graft, % change of creatinine = (Post creatinine
— Pre creatinine)*100 / Pre creatinine
o 0' N .—.;O ) 150 15;0 2‘00 25:0 SrOO

CAG and simple PCI

Surprisingly, when the simple PCI group was compared to the CAG
group, there was no significant difference in the contrast volume used
(23 + 27 vs 25 = 14 ml, p=0.708) despite the simple PCI group
requiring a significantly longer procedure time (77 + 49 min vs 28 + 13
min, p<0.001). Moreover, the simple PCI group showed more negative
% change of creatinine compared to the CAG group (-11 £ 9 vs -7 +
10, p=0.014).

Simple PCI and complex PCI

Compared to the simple PCI group, the complex PCI group had
more severe lesion characteristics such as severe calcification (23% vs
2%; p=0.013) or smaller minimum lumen diameter (0.6 + 0.6 mm vs
1.0 + 0.4 mm; p=0.022). These differences led to longer procedure
times (135 + 71 min vs 76 + 49 min; p=0.012), larger contrast volumes
(87 + 69 ml vs 23 + 27 ml; p=0.006), less achievement of CV/eGFR<2
(46% vs 93%; p<0.001), and less negative % change of creatinine (-4.1
+ 144% vs -10.6 + 8.5%; p=0.049) in the complex PCI group
compared to those of the simple PCI group.

The distribution of the patients with each procedure in the
dimensions of procedure time and CV/eGFR

Figure 1 shows a scattergram of patients with each procedure in the
dimensions of procedure time and CV/eGFR. The CAG group was
concentrated in a limited area both in procedure time and contrast
volume. The complex PCI group showed widest dispersion both in
procedure time and CV/eGFR. The simple PCI group seemed to be
able to limit the amount of contrast media regardless of the length of
the procedure time. Only three cases in the simple PCI group could
not achieve CV/eGFR<2.0. All three of these patients had an ad hoc
PCI performed due to various reasons (patient seemed not to be able
to tolerate a second procedure, the operator was confident to finish the
treatment with extremely small addition of contrast media, etc).

Procdure time (min)

Figure 1: The distribution of patients with different procedures;
Blue circle: CAG group; Green circle: Simple PCI group; Purple
circle: Complex PCI group; CV/eGFR: the ratio of contrast volume
to the estimated glomerular filtration rate; CAG: coronary
angiogram; PCI: percutaneous coronary intervention; Simple PCI:
procedures without the use of a rotablator and the treatment of
chronic total occlusion; Complex PCI: procedures with the use of a
rotablator and the treatment of chronic total occlusion

Discussion

The findings in this study are (1) a CAG is predictable both in
procedure time and CV/eGFR. All patients undergoing a CAG could
achieve CV/eGFR<2.0. (2) Patients with PCI are less predictable both
in procedure time and CV/eGFR. However, the patients who could not
achieve CV/eGFR<2 have certain characteristics of their procedures
and situations.

After various reports have shown the relationship between contrast
volume and the occurrence of CIN, there have been several case
reports about the possibility of minimum contrast procedures utilizing
various imaging modalities and techniques not only in CAG, but also
in the most challenging case of PCI, in other words, in the treatment of
CTO [11,12,14-16]. Seeking the way to perform complicated
procedures with minimum contrast volume is of paramount
importance since it is implied that these patients have a more
predicted CIN risk factors and tend to use more contrast media due to
the complicated nature of their lesions [13].

However, the practical utility of this procedure in a real world
setting is not clear and these reports may lead to the reckless
application of PCI in patients with chronic kidney dysfunction.

The achievability of CV/eGFR>=2

In this trial, even with vigorous procedures in high volume centers,
the amount of contrast media was not perfectly under control in
certain situations. However, if we excluded several procedures and
situations such as ad hoc PCI and complex PCI, all procedures could
be performed with CV/eGFR<2.0 in patients with chronic kidney
dysfunction. This is surprising considering the fact that each group has
around 20-30% of patients with eGFR<30 ml/min/1.73 m?.
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Furthermore, when we exclude the complex PCI group, the amount of
contrast media is almost equivalent between the CAG and the simple
PCI group. The % change of creatinine showed an even better result in
the simple PCI group.

From a different viewpoint, the present study proved that even in
complex PCI, there are cases that can be performed with CV/
eGFR<2.0. A study with a larger cohort is warranted to verify the
findings of this report.

Minimum contrast procedures in complex PCI

Although there is a report that even a treatment of a chronic total
occlusion can be performed with only 10 ml of contrast media, the
average amount of contrast media used in complex PCI was 87 + 69 ml
in the present study [15]. One of the reasons for this discrepancy is a
procedure using a rotablator. A rotablator is a device that consists of a
brass burr coated with diamond chips measuring 30-120 um in
diameter. This burr rotates at certain speed and selectively removes
hard tissue. Soft tissue is supposed to be deflected by the elastic recoil
of normal segments of the vessel. However, compared to other
angioplasty, those using a rotablator are associated with four times the
risk of perforation [19]. To detect this serious and lifethreatening
complication as soon as possible, frequent administration of contrast
media during the procedure is mandatory. This limits the possibility to
do this procedure without the administration of the appropriate
amount of contrast media.

The other reason for this discrepancy is diverseness in the
anatomical type of CTO. Without a good collateral channel to be used
for retrograde angiography or retrograde approach, the possibility of a
minimum contrast procedure is slim in the treatment of CTO. This
diversity makes it difficult to predict the amount of contrast media to
be used in these most challenging types of PCI [20,21].

Limitation

First, the patients who are not suitable for the pre procedural
hydration were excluded from the study as in the other previous
studies that tested the applicability of these techniques in elective and
stable patients [14-16]. Therefore, the result of this study is not
applicable for the patient with acute coronary syndrome and heart
failure who are intolerable to hydration. However, these are actually
the patients who are known to be at a high risk for CIN and would
receive most benefit from minimum contrast procedures.

Second, it is likely that acute kidney injury after PCI is
multifactorial. Even if we performed the procedures with absolutely
zero contrast, there is still a risk of acute kidney injury after PCI, e.g.
by cholesterol embolization [22].

Third, the sample size was limited in this study. Therefore, the
results from this study should be considered as hypothesis generating.
Furthermore, we fortunately did not encounter patients with CIN.
Again, the number of patients with CV/eGFR>=2.0 was too small in
this study. It should be considered that patients with CV/eGFR>=2.0
due to the unexpected contrast media overuse have the same higher
possibility to have CIN [12].

Fourth, the amount of contrast media to be used in this study in
complex PCI was extremely low considering the nature of the
complexity of these lesions [13]. It should be noted that this level of
procedures can be achieved only in the hospitals that are focusing on
developing the level of techniques in procedures.

Fifth and lastly, for patients who are not eligible for hydration and
minimum contrast procedures, the quest to seek a pharmaceutical
approach to prevent the occurrence of CIN should be continued.

Conclusion

Both the CAG and the simple PCI group without ad hoc PCI were
performed with CV/eGFR<2.0. However, complex PCI were risk
factors for the overuse of contrast media and should be paid an
extreme caution for their application in patients with chronic kidney
disease.
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