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Abstract.

BACKGROUND: Contrast-induced nephropathy (CIN) is a formidable side effect of iodinated contrast medium use in
subjects undergoing coronary angiogram (CAG). Remote ischemic preconditioning (RIPC) may reduce the risk of CIN.
AIM: The aim of the study was to investigate the nephroprotective effects of RIPC in coronary heart disease (CHD) in
patients, undergoing CAG, with mild to moderate lowered estimated glomerular filtration rate (¢GFR).

MATERIALS: In the randomized, blinded, sham RIPC (sRIPC) controlled study 51 patients with CHD and GFR less than
80 mL/min/m?, undergoing CAG, were investigated. The patients were randomized for RIPC (n =26, 60.5 4 2.0 years) or
SRIPC (n=25,62.96 £ 1.7). RIPC was performed before the CAG by means of 3—5-minute cycle cuff pumped on the upper arm
+ 50 mm Hg above the systolic blood pressure (BP), while in sRIPC it corresponded to diastolic BP. The primary endpoint was
the development of CIN and secondary — change of biomarkers (creatinine, urea, neutrophil gelatinase-associated lipocalin
(NGAL), cystatin-C).

RESULTS: In RIPC group, CIN occurred in 28% of cases, while in sRIPC —-3.8%. All investigated markers increased in
sRIPC and declined in RIPC; the difference was significant in markers between the groups before and after CAG.
CONCLUSIONS: RIPC proved nephroprotective effect in prevention of contrast-induced nephropathy in CHD subjects
with mild to moderate lowered eGFR.

Keywords: CIN, RIPC, cystatin, NGAL

Contrast induced nephropathy (CIN) is a lowering of glomerular filtration rate (GFR) after the
administration of iodinated contrast-agent. In the most of cases, after intravascular injection of contrast
agent, the kidney tissue is impaired as CIN develops, though in the majority of cases, no obvious clinical
manifestations are observed [8, 29]. Up to 8% of patients with CIN require hemodialysis, and 35% of
them die [21, 23]. In a prospective trail in 294 patients the rate of mid-term (1 year) adverse effects
was 2 times higher in patients with CIN than without CIN [35]. Serum creatinine usually rises during
the first 24—48 hours after the injection of contrast agent, reaches a peak on 3—4 days and returns to
baseline within 3 weeks. CIN is defined as arelative (>25%) and/or an absolute (>44 mmol/l) increase
in serum creatinine in comparison with the baseline [33]. Functionally CIN is considered as an acute
kidney injury (AKI) that results in certain complications including death [31], so early diagnostics
and its prevention are of great clinical relevance. Kidney-specific markers can potentially predict
development or worsening of chronic kidney disease (CKD) and hemodialysis start in the long term
period, and among them there are cystatin C, or Neutrophil gelatinase-associated lipocalin (NGAL).
Multivariate logistic regression analysis revealed eight independent factors which were associated with
CIN development and highlighted the limited baseline renal function as the strongest predictor [23, 24].

Various methods of CIN prevention are studied, showing effective methods like intravenous hydration
with saline solutions and questionable results of using vasoactive drugs or acetylcysteine [3, 38, 44].
Nephroprotective effect of classic ischemic preconditioning (IPC) and especially remote ischemic
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preconditioning (RIPC) has been widely studied recently. RIPC is performed, for example, by means
of intermittent inflation and deflation of the arm with the help of a blood pressure cuff [1, 34]. In animals,
both IPC and RIPC effectively reduced renal damage after ischemia reperfusion injury, with higher
efficacy in the late window of protection [40]. Recent data and metaanalysis supports nephroprotective
effect of RIPC in vascular but not surgical interventions mostly in high-risk patients [10, 22, 28, 39,
41, 43]. However, RIPC efficacy in patients with low-moderate GFR decline patients seems to be
controversial.

The aim of the study was to investigate nephroprotective effects of remote ischemic preconditioning
to prevent contrast-induced nephropathy in patients, undergoing coronary angiography with a lower-
moderate glomerular filtration rate decline.

1. Materials

In this prospective, randomized, blinded, and active (sham) controlled trial, subjects with CHD, who
underwent routine CAG were enrolled. Patients had impaired renal function with low-moderate decline
of kidney excretory function with estimated glomerular filtration rate (¢€GFR). <80 mL/min/1,73 m>.
In 90% of patients, GFR was within 45-70 ml/min/1,73 m?, which corresponds to the C2-C3a stages
of chronic kidney failure. All patients signed informed consent. 6—12 hours before before contrast use,
all patients received body weight adapted intravenous 0.9% NacCl solution. “Omnipaque” contrast was
used in all the cases. The day before CAG all patients underwent a biochemical blood test to determine
baseline levels of creatinine, urine and cystatin-C and NGAL. Follow-up testing was performed on
day 2.

Inclusion criteria for the study:

written informed consent,
eGFR <80 ml/min/1,73m?,
non-hemodialysis patients,
planned CAG.

Exclusion criteria:

- acute coronary syndrome,
- acute kidney injury/decompensation of chronic kidney disease.

The primary endpoints was the development of CIN, which was defined as an absolute (44 mmol/L)
or relative increase in creatinine (by 25%), and secondary — the increase/decrease in the kidney-
sensitive biomarkers concentration including the comparison of the values change between the groups.
Secondary endpoints included death, myocardial infarction, acute coronary syndrome and need for
hemodialysis during index hospitalization.

Ischemic preconditioning was accomplished within one hour before CAG by means of a 5-minutes
cycle cuff inflation on the upper arm with blood pressure cuff and with a 5-minutes rest between the
cycles (Fig. 1). By using random number generator (at www.randomizer.org) patients were randomized
in 2 groups with probability 0.5 for RIPC and sham RIPC (sRIPC). In RIPC arm the cuff pressure was
inflated up to systolic blood press (SBP) plus 50 mm Hg, while in sRIPC — the cuff was inflated to
diastolic (DBP) for blinding purposes.

51 patients (61.52 & 1.3 years) with CHD were enrolled in the study. Study group characteristics
and baseline data are presented in Tables 1 and 2. In 22 (43%) impairments of kidney function was
newly diagnosed, in 29 (57%) subjects had a known chronic renal failure. Reasons for CKD and
kidney failure were as far as detectable, glomerulonephritis, pyelonephritis, diabetic nephropathy, one
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IP (SBP + 50 mm Hg)

Rest 5 Rest 5
min min

CAG

Randomization

Invest,

Day 0 sIP (DBP) Day 2

Fig. 1. Study design (RIPC — Ischemic preconditioning. SRIPC — sham RIPC. “Invest” — creatinine. urea. lipocalin-2 and
cystatin-C estimation).

Table 1
Characteristics of the study group

Parameter Value

Cardiovascular diseases

Arterial hypertension, n, (%) 11(21.6)

Atrial fibrillation, n, (%) 6(11.8)

Stroke in anamnesis, n, (%) 10 (19.6)
Renal diseases

Diabetic nephropathy, n, (%) 9 (17.6)

Glomerulonephritis, n, (%) 2 (3.9

Pyelonephritis, n, (%) 9(17.6)

kidney disease, polycystic kidney disease, aortic and renal artery aneurysm, uratosis, and systemic
rheumatoid arthritis. By CAG, right coronary artery (RCA) stenosis was found more often than left
anterior descending artery (LAD) and left circumflex artery (LCX); in more than half of all cases two
or more arteries were occluded. 25 (49%) patients underwent stent implantation.

Ethical clearance for the study was approved by Ethics Committee of Bashkir state Medical Uni-
versity (Ufa, Russian Federation) in conformity with ethical guidelines of the 1975 Declaration of
Helsinki and all the participants gave written inform consent. Statistical analysis was performed with
the help of the paired Student 7-Test. P < 0.05 was considered as significant.

2. Results

Patients were randomized into RIPC (n=26) and sRIPC (n=25) groups. Basic characteristics of
the groups are compared in Table 2 = no significant difference was found between the groups in
presented parameters. In RIPC group baseline creatinine level was higher than in sSRIPC (124.8 +11.04
vs. 106.9 & 10.0 mmol/l, p.=0.064), respectively eGFR was higher in sRIPC group (62.24 £5.3 vs.
71.88 & 6.1 ml/min/1.73 m?, p=0.061). There was also a trend for older age in sham patients compared
to the RIPC group (60.5 &= 1.95 vs. 62.96 £ 1.72, p=0.078). RCA and LCA were occluded more often
in RIPC group, while RCA stenosis was more frequent in SRIPC group. Injected contrast volume
in RIPC group was slightly higher than in sRIPC (155.8 £16.9ml vs. 148.3 £ 16.7, respectively,
p=0.071). The groups were also comparable according to smoking, diabetes mellitus and history of
myocardial infarction and cardiovascular medication (Table 3).



929

100

101

102

103

104

105

106

107

108

109

110

1

112

113

114

4 N. Zagidullin et al. / Nephroprotective effects of remote ischemic preconditioning

Table 2
Comparison of RIPC/sRIPC groups

All (n=51) RIPC (n=26) SRIPC (n=25)

Age, years 61.52+1.3 60.5+1.95 62.96+1.72
Gender, m/f 43/8 21/5 22/3
Height, cm 170.8 +1.13 169.64+1.8 171.96 £ 1.3
Weight, kg 87.2+2.46 84.6+3.0 89.7+£3.7
BMI, kg/m? 29.8+0.73 29.4+0.89 30.2£1.13
Coronary stenosis, (%)

LAD 27 (52.9) 16 (61.5) 11 (44.0)

RCX 24 (47.1) 13 (50.0) 11 (44.0)

RCA 33 (64.7) 14 (53.8) 19.(76.0)
Previous myocardial infarction, (%) 17 (33.0) 10 (38.5) 7 (28.0)
Smoking, (%) 25 (49) 12 (46.2) 13 (52.0)
Diabetes mellitus II, (%) 16 (31.4) 8 (30.8) 8 (32.0)
Previous coronary intervention, (%) 25 (49.0) 12 (46.2) 13 (52.0)
Contrast volume, ml 153.2+£10.9 155.8£16.9 148.31+16.7
Hospital stay, days 5.9+0.92 5.84+£1.3 594+£0.6

Table 3

Baseline cardiovascular medication taken by the patients

Cardiovascular medication RIPC (n=26) sRIPC (n=25)
Beta-blocker, n (%) 24.(92.3) 24 (96,0)
Angiotensin-converting enzyme inhibitor, n (%) 20 (76.9) 18 (72.0)
Angiotensin-receptor blocker, n (%) 2(7.7) 4 (16.0)
Calcium channel blocker, n (%) 8 (30.8) 2(8.0)
Thiazide diuretics, n (%) 12 (46.1) 8 (32.0)
Loop diuretics, n (%) 2(7.6) 1 (4.0)
Mineralcorticoids receptor antagonists, n (%) 4 (3.8) 3(12.0)

Mehran score was used to calculate the risk of CIN in which the number of rate of CIN increases
exponentially with increasing risk score (p<0.0001) [24]. According to the Mehran score, risk was
estimated as moderate or low in the majority of patients (Table 4). In sRIPC group more patients were
at low risk spectrum than in RIPC group. (16 vs. 11, respectively), while in the RIPC group more
patients had moderate risk (4 vs. 10).

During hospitalization (5-7 days after CAG) no deaths, coronary restenosis or need for hemodial-
ysis occurred. Two days after CAG the blood (serum) test for creatinine, urea, NGAL and cystatin-C
was accomplished (Table 5). In RIPC. group only in one case (3.8%) creatinine increased from 69
to 120mmol/l and the CIN, according to criteria [33], was diagnosed. In sRIPC group, CIN was
diagnosed in 7 subjects (28%), in 4 subjects by increased creatinine more than 44 mmol/l, and in 6
subjects by more than 25% from baseline. In one case, serum creatinine increased from 29 mmol/l
to 285 mmol/l. The level of creatinine in RIPC group tended to decrease from 124.8+11.45 to
121.3 £9.67 mmol/l (p =0.089), but in sRIPC group, on the contrary, the decline was evident (from
106.9+10.02 to 129.37 £ 11.5, p=0.047). The difference between the changes of markers concen-
tration before and after CAG in two arms was also significant (p =0.038). Creatinine, urea in RIPC
group tended to decrease (from 9.65 £ 1.22 to 8.29 £ 0.97 mmol/l, p =0.087), but in sRIPC group —
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Table 4

Mehran risk score in patients, undergoing CAG

Score RIPC (n=26) SRIPC (n=25)
<5 points, n 11 16
6-10 points, n 10 4
11-15 points, n 4 3
>16 points, n 1 2
Table 5

Changes in creatinine and urea level after coronary angiography

Creatinine, mmol/l Urea, mmol/l
RIPC sRIPC RIPC sRIPC
Baseline 124.8 +£11.45 106.91 +10.02 9.65+1.22 7.434+0.63
Follow-up 121.3£9.67 129.37 £ 11.5¢ 8.29+0.97 8.47+£0.76
(»=0.047) 8.294+0.97 (»=0.067)
Difference, A 3.5+£5.83 -22.46 +£0.86* 1.31+£0.47 —1.04 +0.49**
(p=0.038) (p=0.007)

Ps.: {p<0.05 when compared before and after coronary angiography; *p <0.05; *p <0.01 - difference between RIPC and
SRIPC groups.

to upraise (from 7.43 + 0.63 to 8.47 &+ 0.76 mmol/l, p = 0.093). The comparison of parameter changes
showed prominent difference between the groups (1.04.4 0.49 mmol/l, p =0.007).

As previously demonstrated, NGAL and cystatin-C are more sensitive biomarkers than creatinine
and urea [6, 27]. After CAG in RIPC group the raise of cystatin-C in 19 cases from 25 (76%) and of
NGAL in 12 cases (48%) was observed (Table 6). In one case (4%) cystatin-C level did not change
and in 5 cases (20%) — increased. In 3 patients (11.5%)-cystatin-C value exceeded 25% as compared
to baseline, and NGAL — in 7 (27%). By now, some studies interpret increase of cystatin-C by 10%
from the baseline as CIN. In such instance, CIN occurred in 3 cases (11.5%) in RIPC group, while in
SRIPC — in 9 (36%). In sRIPC group cystatin-C decreased in 14 cases (53.8%), and NGAL —in 16
cases from 26 (61.5%). The level of cystatin-C in RIPC group significantly decreased from 4.17 £ 0.54
to 3.20 £ 0.32 mg/ml (p=0.041), and in SRIPC it showed the tendency to increase from 3.2 +0.32
to 3.83 £ 0.51 (p=0.073). Moreover, the comparison of changes in the markers between the groups
showed the difference (p =0.018). The dynamics of NGAL changed accordingly, though no significant
difference of the biomarker in RIPC and sRIPC groups separately before and after CAG was found
(p=0.078 and 0.057, respectively); the significance of differences was obtained (p =0.0024) when the
changes were compared against each other.

3. Discussion

Iodinated radiographic contrast media are widely used for the vascular diagnostics and intervention.
Contrast-induced nephropathy is a serious complication that increases the risk of death, myocardial
infarction and stroke both in short- and long-term period; it can also contribute to the development of
chronic renal failure and transition to hemodialysis in the long-term period [12, 23]. In particular, the
Cardiac Angiography in Renally Impaired Patients study [35], conducted on a large cohort of patients
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Table 6
Changes in cystatin-C and NGAL values in RIPC and sRIPC groups before and after CAG

Cystatin-C, mg/ml NGAL, pmol/dl
RIPC sRIPC RIPC sRIPC
Baseline 4.17+£0.54 32+£0.32 15.25 +£4.07 8.30£2.7
Follow-up 3.240.321 3.83+0.51 12.87+3.01 13.24 4+ 3.5
(»p=0.041) (p=0.073) (p=0.078) (p=0.057)
Difference, A 0.97+0.49 -0.62+0.39* 2.38+2.02 -4.9+0.38*
0.97 +£0.49 (p=0.018) (p=0.0024)

Note: Tp<0.05 when compared before and after CAG; *P<0.05 **p<0.001 significance of difference between the
RIPC/sRIPC groups.

with low GFR, showed that the incidence of cardiovascular endpoints doubles in the patients who devel-
oped CIN. In the registry of more than 9.000 patients post-PCI renal failure due to CIN was associated
with 4.31-fold hazard of mortality and a 1.77-fold — after adjustment to known predictors of mortality
(p<0.0001) [11]. CIN was reported in 4—20% of patients after use contract media in angiography [23,
26, 35] and one of the most important risk factor for CIN is a baseline GFR < 60 m/min/ 1.73m?2.

In spite of the intensive investigation of CIN in vitro and in vivo,the reason for CIN is still uncertain.
The injection of iodine contrast leads to damage of both erythrocytes and endothelial cells — they
become echinocystic in 3 min after the application [36]. It affects also the function of erythrocytes — a
decline of velocity of erythrocytes in nailfold capillaries was observed [5]. Taking in account the fact
that about 25% of blood from the heart enters the kidney, erythrocytes dysfunction leads to prominent
kidney cortex and medulla hypoxia, effecting probably mostly sensitive TAL (thick ascending tubular
limb) cells [5]. Kidney oxygenation decline leads to depletion of energy stores, collapse of electrolyte
gradient, disruption of actin skeleton, activation of phospholipases and even changes of gene expression
[4, 5]. One of the leading mechanisms of CIN seems to be the formation of free radicals and reactive
oxygen species (ROS) that lead to direct cytotoxicity and renal tubular and glomerular apoptosis which
in term, intensify renal parenchymal hypoxia by endothelial dysfunction and dysregulation of tubular
transport [16, 30].

There are two main pathways to prevent CIN: optimal hydration with sodium bicarbonate proved to be
superior to hydration with normal saline and application of less amount of contrast medium. Large-scale
randomized clinical trials failed to prove the preventive power of N-acetylcysteine and other chemical
substances against CIN. Ischemic preconditioning has proved to be an effective method of preventing
cardiovascular events in acute coronary syndrome, cardiovascular surgery, organ transplantation, etc.
In CHD patients undergoing CAG, AKI may develop, which makes it a potential target for RIPC [13].
RIPC is thought to activate several pathways, including systemic anti-inflammatory, neuronal, and
humoral signaling pathways; it reduces the release of injury biomarkers and maintains organ function
[13, 14, 39, 42]. The vascular protection effects may be mediated through the release of damage-
associated molecular patterns, high-mobility group protein B1 that interact with pattern recognition
receptors on renal tubular epithelial cells [20]. That is why it was hypothesized that these actions may
counteract above-mentioned pathways in contrast-induced nephropathy.

In randomized, controlled, blinded, imitation-controlled study the nephroprotective effect of RIPC in
CHD patients with low-moderate CIN risk was investigated. As a result, 26 patients were randomized
for RIPC and 25 for sRIPC. It is considered, that CIN develops in 9% of cases when iodinated contrast
agent is injected [18], and in 20-30% among those with a baseline creatinine >2 mg/dl [2]. In our
study, CIN developed in 28% of cases in SRIPC group, and in RIPC — only in 3.8%. The results
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approximately correspond to the data by Er et al. [9] who indicated 28% CIN reduction after RIPC,
given the fact that in the above-referred study the GFR baseline threshold for inclusion in the study
was higher —<60 mL/min/1,73 m? in contrast to the present one (<80 mL/min/ 1,73m?). Menting et
al. [25] not noted the effect of RIPC on CIN occurrence in patients with moderate CIN risk, but in
the high risk ones (>11 points according to the Mehran score). Our data corresponds also with study
of Igarashi et al. [17], who used more RIPC cycles (4 versus 3 in our study) and estimated another
kidney-sensitive marker — liver-type fatty acid-binding protein (L-FABR) in patients with moderate
CKD. As a result, CIN incidence decreased from 26.9% to 7.7% in compare to sham and L-FABR
declined (p =0,003), due to, as proposed by the authors, oxidative stress modification.

Asitis known, NGAL and cystatin-C have higher sensitivity and specificity of the predictive power in
identification of AKI compared to creatinine and urea [7, 19]. For instance, creatinine increases in case
of 50% of kidney tissue damage [15]. NGAL has proved as an early, sensitive, specific and predictive
biomarker of AKI after contrast agent administration [32]. When the concentration of cystatin-C
increases by 10%, it also shows itself to be a CIN marker which is 100% sensitive and 30% specificity
[27, 32]. If in RIPC group there was a downward trend for all the four biomarkers after CAG, in the
SRIPC group — they tended to increase, for creatinine and urea was significant. The comparison of
changes between the sSRIPC/RIPC groups before/after CAG was also significant.

Thus in the study RIPC showed nephroprotective effect and considerably prevented CIN in patients
with CHD and low-moderate GFR decline.

This study has certain limitations. In particular, the sampling size is rather small; patients widely
varied in kidney failure and GFR degree. However, the comparison of the obtained data with the
findings of other studies allows us to suggest that the achieved results are reliable.
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