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Abstract: Background: Contrast-induced nephropathy (CIN) is a leading cause of morbidity and mortality in patients undergoing percutaneous
coronary intervention (PCI). Chronic total occlusions (CTO) are frequently observed among patients undergoing coronary angiography. Methods:
A total of 128 CTO patients were included. Mehran score, lesion characteristics, interventional procedure, serological specimens and devices were
recorded. The first group was administered with 1 ml · kg−1 · h−1 saline (0.9% NaCl) infusion that started 12 h before the procedure and continued
12 h post procedure as recommended by the guidelines. The second group was administered with saline infusion of 12 ml · kg−1 · h−1 only during
CTO-PCI procedure, which is called as intensive infusion. Results: CIN development was similar in two groups (four patients in standard hydration
group and five patients in intensive hydration group). The amount of saline was significantly higher in the standard group (1,767± 192.2 vs.
1,043.6± 375; p< 0.001). Patients with higher creatinine levels prior to PCI had a higher rate of CIN development after procedure. Interestingly,
age, left ventricular ejection fraction, and diabetes mellitus independently predicted CIN. Conclusion: Intensive hydration administration appears to
be an effective and cost-effective method in CTO-PCI patients, especially in patients without left ventricular function failure.
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Introduction

Coronary chronic total occlusions (CTOs) are defined as
an occluded coronary segment with thrombolysis in
myocardial infarction (TIMI) flow 0 for ≥3 months
duration [1, 2]. CTOs are frequently observed among
patients undergoing coronary angiography (CAG) during
catheterization at a rate of 18%–52% [3–5]. Multiple
reports have demonstrated that CTO revascularization
has clinical benefit [6–10]. Over the years, progress has
been made for the presentation and distribution of CTO
percutaneous coronary intervention (PCI) methods
[11–13]. With mounting CTO–PCI experience, both
antegrade and retrograde methods have increased the
success rate of the procedure [12, 13]. Still, complex

CTO lesions hampered initial success rates with
prolonged X-ray exposure and use of large volumes of
contrast medium [14].

Contrast-induced nephropathy (CIN) was defined
as an increase in the baseline serum creatinine (SCr)
levels 0.5 mg/dl or ≥25% in the 48–72 h contrast
medium exposure. The incidence of CIN in the general
population is estimated to be between 1% and 6%, and
is even higher when CIN follows PCI [15]. Neverthe-
less, the CIN frequency was increased in patients with
renal dysfunction and was greater than 50% in high-risk
patients [16].

Based on previous reports, the incidence of CIN
is approximately 6%–7% in after CTO–PCI [14].
CIN accounts for 11% of acute renal failure (ARF) cases

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License, which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purposes, provided the
original author and source are credited, a link to the CC License is provided, and changes – if any – are indicated.

Interventional Medicine & Applied Science, Vol. 11 (2), pp. 95–100 (2019) OR I G I N A L P A P E R

DOI: 10.1556/1646.11.2019.15 95 ISSN 2061-1617 © 2019 The Author(s)

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


and is the third leading cause of hospital-acquired ARF,
contributing to prolonged hospital stay [17] and increased
medical costs [18, 19]. The in-hospital mortality rate was
22% for patients who developed CIN, compared with only
1.4% of in-patients who did not develop CIN [20].

In this study, patients with CTO who were treated
with PCI were randomized into two groups with the
intention to investigate CIN development, which is an
important cause of morbidity/mortality. The first group
underwent standard saline infusion as recommended in
the guidelines, and the second group underwent intensive
saline infusion during long CTO–PCI application.

Materials and Methods

Study population

This study was a single-center, randomized, prospective
trial that contains patients with documented CTO lesions
with planned revascularization. Approval was obtained by
the local ethics committee and the study was performed
under the Declaration of Helsinki. All procedures were
discussed with patients and informed consent was
obtained in writing.

A total of 128 CTO patients were included in this study.
All patients underwent first CAG for diagnosis, and the
decision of PCI on CTO stenosis was established by at least
two invasive cardiologists. CTO–PCI procedures were all
performed through femoral artery. The radial artery was
used in proper patients for cases requiring dual injection.
Antegrade and retrograde operations were performed in
separates sessions. Patient serological specimens were
obtained for biochemical testing/comprehensive blood
count. Before the procedure, left ventricular (LV) function
was assessed by echocardiography. The age, body mass
index, coronary risk factors, prior PCI, and coronary artery
bypass grafting (CABG) characteristics of all patients were
recorded before the procedure. The duration of laboratory
stay and dose of radiation were calculated. Collateral circu-
lation was defined as TIMI. CTO lesion length was mea-
sured following bilateral simultaneous coronary injections in
cases with collaterals from other coronary arteries to see the
filling of both the proximal and the distal occluded artery.
All subjects were analyzed using the Mehran risk scoring
system for CIN [21]. Contrast volume, which is the variable
of Mehran score, was calculated. All measurements of the
total amount of fluid received and released by the patients
were performed outside the angiography laboratory. The
patients with deteriorated left ventricular ejection fraction
(LVEF) were closely followed up in terms of heart failure
(HF).

Exclusion criteria were: (1) end-stage renal failure;
(2) recent myocardial infarction or unstable hemody-
namics; (3) EF% ≤ 35; (4) anemia, blood loss, and
hypotension (represent the modifiable risk factors for

CIN); (5) use of LV assist device or intra-aortic balloon
pump; (6) age ≥ 75 years, creatinine clearance ≥ 1.7,
glomerular filtration rate (GFR) ≤ 60; and (7) Mehran
risk scoring, high and very high, in patients.

Definitions

CTO was defined as TIMI Grade 0 for more than 3
months, with the presence of typical angina, reversible
myocardial ischaemia on thallium stress study or patients
with CTO lesions.

The CTO length was calculated after bilateral simul-
taneous coronary injections or antegrade coronary injec-
tion and visualized by filling both the proximal and the
distal occluded artery.

The success of angiography was determined by visual
analysis in the presence of TIMI Grade 3 flow with less
than 30% residual stenosis. The retrograde method was
determined by guidewire introduction into the collateral
channels. These are attached to the target CTO vessel
and distal to the lesion. Aspirin and clopidogrel, along
with heparin, were given to each patient before the
procedure to reduce clotting. During the interventional
procedure, either iohexol or iodixanol contrast agents
was used.

Before the procedure, the estimated GFR (eGFR) was
determined based on SCr levels, age, weight, and gender
using the Cockcroft–Gault formula: eGFR (ml/min/
1.73 m2)= [(140−age) ×weight]/(SCr × 72) (×0.85, if
the patient is female). SCr measurement was conducted
12 h before the procedure in group with standard saline
and 4 h before the procedure in group with intensive
saline. The measurements were conducted at the 12th
and 48th h in both groups after procedure. The measure-
ments were also conducted 72 h post-procedure when it
was necessary. Extra SCr calculations were acquired in
patients with an early SCr elevation or in patients with
increased hospitalization for other confounders.

The patients were randomized into two groups. The
first group of patients was administered 1 ml · kg−1 · h−1

saline [0.9% sodium chloride (NaCl)] infusion that
started 12 h before the procedure and continued 12 h
post procedure as recommended by the guidelines. The
second group of patients was administered with saline
infusion of 12 ml · kg−1 · h−1 during only CTO–PCI
procedure, which is called as intensive infusion. None
from angiography laboratory were informed about
patients’ group, and the infusion sets were covered, so
that the saline flow speed was not visible.

Statistical analyses

SPSS for Windows v23.0 (Chicago, IL, USA) was used to
perform all statistical analyses. Continuous variables were
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shown as mean and standard deviation, and categorical
variables as the median with 25%–75%. Group differences
were analyzed using a χ2 test or Student’s t-test/
Mann–Whitney U test for categorical variables and con-
tinuous variables, respectively. To test normal distribu-
tion, a Kolmogorov–Smirnov test was used. A univariate
logistic regression analysis was conducted for significant
predictors. In addition, odds ratio (OR) and confidence
interval (CI) were obtained. Regression analysis was
conducted independently to predict the development of
CIN. A p value of less than 0.05 was considered statisti-
cally significant.

Results

One hundred twenty-eight subjects (mean age: 62.7±
5 years) volunteered for this study. Approximately, 66%
were male (n= 84) and 43.4% (n= 44) were female.

The demographic characteristics (age and gender)
and coronary artery risk factors, previous CABG, PCI
history, and dual injection as well as antegrade/
retrograde approach and infarct-related artery were sim-
ilar in both groups. eGFR, SCr values, LVEF, and
interventional lesion were similar in both groups. Base-
line characteristics are shown in Table I. Angiographic
characteristics, interventional procedure, CIN, amount
of saline, amount of contrast, Mehran risk score, and
successful procedure were similar in both the groups.
There was a CIN development in nine patients (7.03%).
The CIN development was similar in two groups (the
CIN development was observed in four patients in
standard hydration group and in five patients in intensive
hydration group). However, the amount of saline was
significantly higher in the standard treatment group
(1,767 ± 192.2 vs. 1,043.6 ± 375; p < 0.001). Angiog-
raphy, interventional methods, CIN, and medicine of
the study population are shown in Table II. Evaluating
the patients with and without CIN development during
CTO–PCI procedure included assessing CIN develop-
ment in the older people, body weight, LVEF, GFR, and
higher Mehran risk scoring. The pre-procedural SCr
values were higher and the post-procedural increase
rates were higher in the group with CIN development.
The characteristics of patients with and without CIN
development during CTO–PCI procedure are summa-
rized in Table III.

The OR and 95% CI values are shown in Table IV.
Age, body weight, diabetes mellitus (DM), saline
concentration, LVEF, pre-procedure baseline (0), and
post-procedure SCr were associated with CIN. Interest-
ingly, age, LVEF, and DM independently predicted
CIN (OR= 3.022, 95% CI= 1.179–7.746, p= 0.021;
OR = 0.633, 95% CI= 0.417–0.960, p= 0.031; and
OR = 0.007, 95% CI= 0.002–0.350, p= 0.019, respec-
tively) (Table V).

Discussion

CIN is a severe impediment due to administration of
iodinated contrast media during angiographic proce-
dures [22–24]. Based on previous reports, the CIN
frequency is roughly 13% in coronary intervention.
However, only few reports have shown that the CIN
prevalence in the intervention of CTO–CIN is typically
a transient/reversible form of ARF [25]. In addition,
CIN development has been accompanied by longer

Table I Baseline demographic and clinical parameters of the study
population

Variables
Standard
hydration
(n= 64)

Intensive
hydration
(n= 64)

p
value

Age (years) 61.8 (37–71) 63.3 (49–71) 0.094

Gender: male
[n (%)]

44 (68.8) 40 (62.5) 0.457

DM [n (%)] 21 (31.8) 17 (26.6) 0.439

Smoking [n (%)] 27 (42.2) 19 (29.7) 0.141

HT [n (%)] 44 (68.8) 48 (75.0) 0.432

CABG [n (%)] 24 (37.5) 28 (43.8) 0.472

Prior PCI [n (%)] 21 (32.8) 17 (26.6) 0.439

Dual [n (%)] 27 (42.2) 29 (45.3) 0.722

Antegrade [n (%)] 54 (84.4) 56 (87.5) 0.611

Retrograde
[n (%)]

10 (15.6) 8 (12.5) 0.616

Infarct-related artery

LAD [n (%)] 30 (46.9) 31 (48.4)

CX [n (%)] 6 (9.4) 6 (9.4) 0.935

RCA [n (%)] 27 (42.2) 25 (39.1)

Greft [n (%)] 1 (1.6) 2 (3.1)

Kilograms (kg) 73.6± 8.0 75.9± 9.5 0.140

LVEF (%) 50.0± 6.0 51.6± 6.7 0.144

SCr (0) (mg/dl) 1.0± 0.1 1.0± 0.1 0.954

SCr (1) (mg/dl) 1.1± 0.2 1.1± 0.3 0.536

SCr (2) (mg/dl) 1.1± 0.2 1.1± 0.2 0.658

GFR
(ml/min)

78.1± 18.4 77.1± 16.3 0.736

BMI (kg/m2) 26.0± 3.5 25.5± 3.7 0.516

LDL (mg/dl) 117.3± 21.2 119.5± 20.0 0.534

HGB (g/dl) 12.8± 1.2 12.8± 1.3 0.874

BMI: body mass index; CABG: coronary artery bypass grafting; SCr:
serum creatinine; (0): before the procedure; (1): after the 12th h;
(2): after the 48th h; GFR: glomerular filtration rate; Cx: circumflex
artery; DM: diabetes mellitus; HGB: hemoglobin; HT: hypertension;
LAD: left anterior descending artery; LDL: low-density lipoprotein;
LVEF: left ventricular ejection fraction; PCI: percutaneous coronary
intervention; RCA: right coronary artery
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hospitalization, increased morbidity/mortality, and
exorbitant costs.

In this study, the deterioration in CIN and renal
functions was found to be significantly lower in standard
and intensive hydration groups compared to those
reported in the literature (7.03%). However, patients
with high and very high Mehran risk scoring for CIN
development were excluded in this study; therefore, the
risk scores of our patients were lower. Moreover, we
conserved CIN development conducting hydration in
both patient groups.

The patients, in whom CIN was developed during
CTO-PCI procedure, were older and had lower body
weight, lower LVEF, lower GFR, and higher Mehran risk
scoring. Moreover, the pre-procedural SCr values were
higher and the post-procedural increase rates were higher
in the group with CIN development. These results were
similar with literature studies conducted on angiography,
PCI, and CTO–PCI patients in terms of CIN development.

CTO procedures are longer and more complex, so the
use of large volumes of contrast medium is required. The
most important factor determining both time and opaque
use is operator experience. Our center is experienced and
the CTO–PCI procedure has been conducted for about 5
years. Processing times, contrast amounts, fluoroscopic
times, and success rates were similar with the studies
conducted on these same issues [26–28].

It is extremely important in terms of cost-effectiveness to
conduct hydration for 91 min in the intensive group and

24 h in the standard group. The most important clinical
outcome of this study was that there was a significant
difference between intensive and standard groups in terms
of saline amount (1,043 vs. 1,767 ml); on the other hand,
CIN development was similar in both groups. Although
the demographic characteristics and CIN development risk
scores of patient groups were similar, this is an unexpected
result, in which better outcomes in the group administered
longer andmore hydration was not observed. It is necessary
to analyze the renal filtration functions and their mechan-
isms to explain this. The formation of reactive oxygen
radicals, renal medullary ischemia due to vasoconstriction
caused by contrast material, and direct tubular toxicity have
been suggested in studies as mechanisms responsible for

Table II Angiographic characteristics, interventional procedure,
CIN, and amount of medicine parameters of the study
population

Variables
Standard
hydration
(n= 64)

Intensive
hydration
(n= 64)

p value

Succesful
procedure
[n (%)]

53 (82.8) 52 (81.3) 0.818

Lesion length 31.8 (5–42) 32.2 (24–41) 0.889

Fluoroscopy
time

42.7± 5.3 41.6± 4.6 0.254

Duration of
intervention

91.6± 15.9 91.0± 17.6 0.656

Mehran score 5.7± 1.9 5.5± 2.1 0.219

Dose of
furosemide

0.28 (0.1–2) 0.55 (0.3–3) 0.153

Amount of
saline

1767.7± 192.2 1043.6± 375.0 <0.001

Amount of
contrast

300.9± 25.8 302.9± 25.1 0.658

CIN 4 (6.25) 5 (7.8) 0.732

Bold values are significant at p value< 0.05. CIN: contrast-induced
nephropathy

Table III CTO–PCI result in CIN group and non-CIN group
parameters of the study population

Variables CIN (n= 9)
Non-CIN
(n= 119)

p value

Age (years) 68.89± 2.2 62.21± 4.9 <0.001

Gender: male
[n (%)]

6 (66.7) 39 (86) 0.090

DM [n (%)] 5 (55.6) 33 (27.7) 0.120

Smoking [n (%)] 27 (42.2) 19 (29.7) 0.141

HT [n (%)] 4 (44.4) 32 (26.9) 0.271

CABG [n (%)] 4 (44.4) 48 (40.3) 0.811

Prior PCI
[n (%)]

4 (44.4) 34 (28.6) 0.451

Kilograms (kg) 74.33± 8.3 8122± 12.9 0.024

LVEF (%) 43.78± 5.3 50.63± 6.4 0.003

Time interval 93.6± 12.5 91.18± 17 0.671

Amount of
saline

1,696.24± 456 1570.55± 333 0.291

SCr (0)
(mg/dl)

1.11± 0.26 1.0± 0.13 0.073

SCr (1) (mg/dl) 1.76± 0.29 1.0± 0.21 <0.001

SCr (2) (mg/dl) 1.56± 0.3 1.1± 0.19 <0.001

GFR (ml/min) 63.54± 2.8 78.33± 17 <0.001

BMI (kg/m2) 24.67± 2.8 25.8± 3.6 0.287

Mehran score 7.78± 1.9 5.5± 1.9 0.001

Dose of
furosemide

0.44± 07.2 0.41± 0.79 0.900

LDL (mg/dl) 132.22± 26.4 117.4± 0.534

HGB (g/dl) 12.78± 1.3 12.87± 1.1 0.834

Bold values are significant at p value< 0.05. CTO: chronic total occlu-
sion; PCI: percutaneous coronary intervention; CIN: contrast-induced
nephropathy; DM: diabetes mellitus; HT: hypertension; CABG: coro-
nary artery bypass grafting; LVEF: left ventricular ejection fraction; SCr:
serum creatinine; (0): before the procedure; (1): after the 12th h; (2):
after the 48th h; GFR: glomerular filtration rate; BMI: body mass index;
LDL: low-density lipoprotein; HGB: hemoglobin
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contrast nephropathy pathophysiology [29]. In this study,
tubular toxicity and medullary ischemia were prevented by
preventing collapse of contrast media renal tubules collapse
with intense hydration. Furthermore, the renal blood flow
is maintained fairly constant, despite major changes in
arterial blood pressure. This regulation is achieved by
resistance changes in afferent and efferent arterioles.

Autoregulation and tubuloglomerular feedback are consid-
ered to be mechanisms that provide this adaptation [30]. In
this study, we believe that the intensive hydration prevented
renal injury by providing rapid disposal of contrast media
from renal tubules due to decrease in resistance in afferent
and efferent arterioles. The driving force in formation of
glomerular filtration is the pressure difference between the
glomerular capillaries and the Bowman’s space in proximal
tubules. The glomerular capillary pressure depends on the
renal blood flow fed by cardiac output. Autoregulation is
achieved with the resistance created by renal preglomerular
afferent arterioles and postglomerular efferent arterioles
[30]. Another effect of intensive hydration is to prevent
renal injury and CIN development through rapid disposal
of contrast media without much renal damage. This is done
by high filtration speed caused by increased pressure in the
Bowman’s space. The administration of 1 ml · kg−1 · h−1

saline infusion has similar effects on renal function. How-
ever, we believe that 12ml · kg−1 · h−1 saline administration
allows kidney to perform all three mentioned filtration
functions more quickly and adaptively.

Study limitations

The risk scores that determine CIN development of the
patients were low and their renal function was normal or
near normal. It is unclear whether intensive hydration will
show similar effects especially in patients with moderate-
or high-risk scores for CIN development. When the
patient population is considered, another limitation is
that CTO occurs in older patients, in patients with renal
function failure and in most cases, with LVEF deteriora-
tion. In this patient group, intensive hydration protocol
may develop HF. In addition, in this study, although the
diuretic requirement was statistically at a marginal value in
the intensive hydration group, more diuretic need was
observed in the intensive hydration group. Finally, the
number of patients in this study was limited. There is a
need for large randomized studies involving more
patients with renal function failures and patients with
high-risk scores for CIN development.

Conclusions

In recent years, PCI on CTO lesions has increased with
technical developments and increased operator experience.
The CIN development risk was increased for this patient
group due to older ages, renal function failures, and exces-
sive exposure to contrast in the CTO–PCI procedure.
Intensive hydration administration appears to be an effective
and cost-effective method in CTO–PCI patients, especially
in patients without LV function failure.

* * *

Table IV Factors associated with contrast-induced nephropathy

Variables
Odds
ratio*

95% confidence
interval*

p value

Age (years) 0.008 [0.001–0.015] 0.025

Gender 0.114 [−0.002–0.230] 0.053

Kilograms (kg) 0.006 [0.002–0.011] 0.042

Time interval 0.006 [0.001–0.011] 0.729

BMI (kg/m2) −0.013 [−0.038–0.012] 0.970

HT −0.009 [−0.079–0.062] 0.811

DM 0.212 [0.099–0.325] <0.001

Saline
concentration

−0.396 [0.230–0.562] <0.001

LVEF (%) −0.005 [−0.013–0.020] 0.022

LDL (mg/dl) 0.001 [−0.003–0.005] 0.330

SCr (0) (mg/dl) −0.825 [−1.251–0.400] <0.001

SCr (1) (mg/dl) 0.884 [0.658–1.109] <0.001

SCr (2) (mg/dl) 0.071 [−0.209–0.351] 0.617

GFR 0.002 [−0.002–0.007] 0.296

Mehran score −0.005 [−0.022–0.011] 0.524

Bold values are significant at p value< 0.05. BMI: body mass index;
DM: diabetes mellitus; SCr: serum creatinine; (0): before the procedure;
(1): after the 12th h; (2): after the 48th h; GFR: glomerular filtration
rate; HT: hypertension; LDL: low-density lipoprotein; LVEF: left
ventricular ejection fraction.*Values were obtained by the univariate
logistic regression analysis

Table V Multivariate logistic regression result for contrast-induced
nephropathy

Variables
Odds
ratio

95% confidence
interval

p
value

Age 3.022 [1.179–7.746] 0.021

LVEF 0.633 [0.417–0.960] 0.031

Saline
concentration

1.003 [1.000–1.007] 0.073

DM 0.007 [0.002–0.350] 0.019

Creatinine (0)
(mg/dl)

1.028 [0.061–5.368] 0.985

Creatinine (1)
(mg/dl)

0.979 [0.080–6.282] 0.987

Bold values are significant at p value< 0.05. DM: diabetes mellitus;
LVEF: left ventricular ejection fraction
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