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	 Background:	 Hydration remains the mainstay of contrast-induced nephropathy (CIN) prevention, and new biomarkers of cys-
tatin C (Cys C) and neutrophil gelatinase-associated lipocalin (NGAL) have been suggested. This study aimed to 
explore whether hydration is essential in patients with very low-risk profiles of CIN who are undergoing coro-
nary angiography.

	 Material/Methods:	 A total of 150 patients were enrolled and randomly distributed to 3 groups: the Preventive Group (n=50, sa-
line hydration was given 6 h before the procedure until 12 h after the procedure), the Remedial Group (n=50, 
saline hydration was given after procedure for 12 h), and the No Hydration (NH) group (n=50, saline was only 
given during the procedure). Serum creatinine (Cr), Cys C, and urinary NGAL were tested 3 times at different 
times.

	 Results:	 Six patients were excluded because of Mehran risk score >2. There was no CIN among 144 individuals. At 24 h 
and at 72 h after the procedure, we found no significant differences in the levels of Cr and Cys C (0.72±0.11 mg/L 
for the Preventive Group, 0.67±0.14 mg/L for the Remedial Group, and 0.70±0.1 6 mg/L for the NH Group) 
among the 3 groups. Urinary NGAL also did not differ significantly among the 3 groups at 6 h or at 48 h 
(6.31±6.60 ng/ml for the Preventive Group, 5.00±5.86 ng/ml for the Remedial Group, and 6.97±6.37 ng/ml for 
the NH Group) after the procedure. Subgroup analysis in patients who underwent percutaneous coronary in-
tervention (PCI) showed that there was no significant difference in serum Cr, Cys C, or urinary NGAL at differ-
ent time points among the 3 groups.

	 Conclusions:	 Saline hydration during the perioperative period might be unnecessary in patients with very low-risk profiles 
of CIN.
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Background

With the increasing number of patients receiving intravascu-
lar iodinated contrast agents worldwide, contrast-induced ne-
phropathy (CIN) has become the third leading cause of acute 
kidney injury in hospitalized patients [1]. The injury is espe-
cially common in patients whose renal function has been al-
ready compromised [2]. Several scoring systems have been de-
veloped to identify high-risk patients with CIN. Among them, 
the Mehran risk score is based on 8 risk factors (hypotension, 
use of intra-aortic balloon pump, congestive heart failure, 
age, anemia, diabetes, volume of contrast medium, and esti-
mated glomerular filtration rate) is commonly used for scor-
ing patients undergoing percutaneous coronary intervention 
(PCI) [3]. Four stratifications of CIN risk have been established 
from the cut-off points and the intervals defined as follows: 
low, <5 points; moderate, 6-10 points; high, 11-15 points; and 
very high, >15 points [3].

According to the current guideline recommendation, saline 
hydration is the most effective method to prevent CIN [4, 5]. 
However, the necessity of saline hydration in patients with 
low-risk profiles of CIN has not been reported. A retrospec-
tive analysis showed that the occurrence of CIN in low-risk 
patients was as high as 10%, suggesting that these patients 
may need preventive hydration [6]. Although the diagnosis of 
CIN depends on the absolute level or dynamic changes of se-
rum creatinine (Cr) after the contrast use [7], Cr is supposed 
to be an insensitive biomarker to detect minor renal injury. 
Therefore, we suppose some mild renal injuries might be ig-
nored when Cr was used as the only biomarker to define the 
diagnosis of CIN. Numerous studies have suggested that cys-
tatin C (Cys C) and neutrophil gelatinase-associated lipocalin 
(NGAL) are both sensitive and early biomarkers for mild renal 
injury [8-10]. Because the number of patients receiving con-
trast arteriography is greatly increasing, we investigated the 
safety of the contrast procedure in outpatient or day admis-
sion departments. Moreover, there has been no randomized 
study evaluating the necessity of intravenous saline hydration 
in patients with very low-risk profiles of CIN. Therefore, the 
present study explored whether hydration is essential in pa-
tients undergoing coronary angiography who have very low-risk 
profiles for CIN using the new biomarkers of Cys C and NGAL.

Material and Methods

Study Population and Design

This study was a randomized, prospective, open-label clinical 
trial aimed to compare different hydration strategies in pa-
tients with very low-risk profiles of CIN. From November 2017 
to March 2019, a total of 150 patients who agreed to receive 

coronary angiography (CAG) were enrolled into the present 
study. We defined very low-risk profiles of CIN as Mehran 
risk score £2. In brief, patients should meet the following cri-
teria: age <75 years, no hypotension, no use of intra-aortic 
balloon pump (IABP), no congestive heart failure, no diabe-
tes mellitus, no anemia, total contrast media volume <200 
mL, and eGFR >60 mL/min/1.73 m2. We calculated eGFR us-
ing the Modification of Diet in Renal Disease (MDRD) study 
equation [11]. Patients were excluded if they had one of the 
following criteria: 1) acute myocardial infarction; 2) use of a 
drug leading to nephrotoxicity; 3) acute or chronic infection; 
4) uncontrolled hypertension; 5) obvious dysfunction of liver 
and/or kidney; 6) malignant tumor. The study was approved 
by the Medical Ethics Committees of the Second Hospital of 
Tianjin Medical University and the written informed consents 
were obtained from all the participants.

Hydration Strategies and Randomization

After the baseline measurements and assessments, eligible pa-
tients were randomly assigned (1: 1: 1) to one of the following 
comparing groups: 1) preventive hydration group (Preventive 
Group, n=50, saline hydration was given 6 h before the proce-
dure until 12 h after the procedure); 2) remedial hydration group 
(Remedial Group, n=50, saline hydration was given after the 
procedure lasting for 12 h); 3) no hydration group (NH group, 
n=50, saline hydration was only given during the procedure and 
the total volume of normal saline was no more than 500 mL).

The randomization schedule involved sealed, sequentially num-
bered envelopes that contained the treatment allocated using 
computer-generated random numbering. Interventionists who 
performed the procedure and the laboratory staff were blind-
ed to the treatment allocation to minimize selection biases.

Procedures

All the patients received optimal medical therapies according 
to the current guideline recommendations. Angiography was 
performed via trans-radial or trans-femoral artery approach. 
According to the current guideline recommendation, the in-
fusion speed of intravenous normal saline was 1 mL/Kg/h. 
Baseline demographic and clinical data were collected. Serum 
levels of BUN, Cr, and Cys C were tested at 1 h before and at 
24 h and 72 h after the contrast procedure in order to eval-
uate changes in renal function. Urine samples were collect-
ed at 1 h before and at 6 h and 48 h after the procedure. The 
urine samples were centrifuged and stored at -80°C to ana-
lyze the urinary NGAL by enzyme-linked immunosorbent as-
say (ELISA, R&D Systems). The V/CrCl ratio was calculated by 
dividing the volume of contrast by the CrCl, which was calcu-
lated by applying the Cockcroft-Gault formula according to the 
serum Cr concentration [12].
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Statistical Analysis

All data were analyzed using SPSS 18.0 software (SPSS-PC Inc. 
Chicago, IL, U.S.A). Data are reported as mean±standard de-
viation (SD) unless otherwise specified. Categorical variables 
are expressed as proportions and the chi-square (c2) test was 
applied for statistical comparisons. One-way analysis of vari-
ance (ANOVA) was used to assess the difference of continuous 
variables among the 3 groups. Because urinary NGAL concen-
tration remarkably deviated from normal distributions in the 
present study, the non-parametric Kruskal-Wallis H test was 
applied to evaluate the differences among groups. P<0.05 was 
considered as a significant difference.

Results

As shown in Figure 1, 6 patients were excluded from the pres-
ent study because the total contrast volume exceeded the up-
per limit (200 mL). Thus, a total of 144 patient with low-risk 
profiles were eligible for intention-to-treat analysis.

Table 1 shows that the baseline characteristics were well bal-
anced among the 3 groups. No CIN occurred in the present 
study, suggesting all enrolled patients had very low-risk pro-
files. The patients had a mean age of 62.85±7.25 years old, 
and 52.08% were male. A total of 93 (64.58%) patients had 
hypertension and 8 (5.56%) patients were previously diag-
nosed with stroke. No significant difference was found in the 
baseline of estimated glomerular filtration rate (eGFR) before 
the procedure among the 3 groups, and the total volumes of 
contrast media were also similar among these study arms. 

We also evaluated the ratio of contrast volume-to-creatinine 
clearance (V/CrCl), and no significant difference was observed.

The results of biomarkers are shown in Table 2. The levels of 
baseline Cr, eGFR, and Cys C were similar among the 3 groups. 
Twenty-four hours after contrast administration, the levels of 
Cr, Cys C, and eGFR did not differ significantly among the 3 
groups. Similarly, the above biomarkers also showed no sig-
nificant difference at 72 h after the procedure. The serial re-
sults of urinary NGAL before and after procedure were simi-
lar among the 3 groups.

To evaluate the impacts of PCI which usually had higher vol-
ume of contrast media on the renal biomarkers, we conduct-
ed the subgroup analysis stratified by receiving PCI or re-
ceiving coronary angiography (CAG) only (Table 3). The total 
contrast volumes in the PCI subgroup were significantly high-
er than were those in the CAG subgroup (123.66±27.96 mL 
vs 56.62±14.61 mL, P<0.001). However, even in patients who 
received PCI, the levels of renal biomarkers, including Cr, Cys 
C, BUN, NGAL, and eGFR, did not show significant difference 
among the different hydration strategies.

Discussion

This perspective randomized study revealed that preventive 
hydration seems to be unnecessary in very low-risk patients 
receiving contrast media.

CIN is defined as the increase of serum Cr by at least 44 
ummol/L (0.5 mg/dL) or the increase of Cr level by 25% within 

150 patients enrolled with informed consent

50 patients randomly allocated
to preventive hydration

1 patients excluded
by contrast
volume  >200 ml

49 patients included in the
intention-to-treat analysis

Peripheral blood samples were obtained at 1 h
before and 24, 72 h after contrast procedure to
valide renal function and Cys C

Patients’ urine was collacted at 1 h before and
6, 48 h after procedure. The urine was
centrifuged and stored at –80°C to analyse the
urinary NGAL by ELISA

47 patients included in the
intention-to-treat analysis

48 patients included in the
intention-to-treat analysis

3 patients excluded
by contrast
volume >200 ml

2 patients excluded
by contrast
volume >200 ml

50 patients randomly allocated
to remedial hydration

50 patients randomly allocated
to no hydration group

Figure 1. Study flow chart.
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Variables Preventive group Remedial group NH group P value

Age, years 	 63.22±7.15 	 62.47±7.44 	 62.85±7.29 0.88

Male gender, n (%) 	 29	 (59.18) 	 21	 (44.68) 	 25	 (52.08) 0.36

Height, cm 	 166.31±15.60 	 165.94±7.94 	 166.42±5.67 0.97

Weight, Kg 	 70.84±11.34 	 68.67±11.51 	 70.33±9.42 0.59

BMI, Kg/m2 	 24.90±2.84 	 24.87±3.21 	 25.33±2.56 0.68

Systolic BP, mmHg 	 133.45±16.32 	 132.66±16.40 	 137.35±13.26 0.28

Diastolic BP, mmHg 	 79.00±11.01 	 77.94±10.77 	 77.88±8.83 0.83

HR, bpm 	 68.92±9.96 	 70.81±9.89 	 69.33±8.75 0.59

CAG, n (%) 	 25	 (51.02) 	 26	 (55.32) 	 26	 (54.17) 0.91

Contrast volume, ml 	 89.69±41.66 	 86.81±38.67 	 86.87±40.33 0.92

Medical history

	 Hypertension, n (%) 	 35	 (71.43) 	 27	 (57.45) 	 31	 (64.58) 0.36

	 Stroke, n (%) 	 3	 (6.12) 	 4	 (8.51) 	 1	 (2.08) 0.38

	 Cigarette, n (%) 	 20	 (40.82) 	 13	 (27.66) 	 13	 (27.08) 0.26

	 Alcohol, n (%) 	 6	 (12.24) 	 6	 (12.77) 	 6	 (12.50) 0.99

Ultrasonic data

	 LA, mm 	 37.94±4.64 	 36.29±3.99 	 36.56±4.49 0.16

	 LV-d, mm 	 47.59±5.63 	 45.97±4.78 	 47.18±3.65 0.25

	 EF, % 	 61.59±5.02 	 64.69±4.31 	 63.95±9.38 0.07

	 IVS, mm 	 9.59±1.53 	 8.89±1.21 	 9.22±2.06 0.13

Medication

	 Aspirin, n (%) 	 48	 (97.96) 	 44	 (93.62) 	 46	 (95.83) 0.79

	 Clopidogrel, n (%) 	 43	 (87.76) 	 42	 (89.36) 	 43	 (89.58) 0.85

	 b-block, n (%) 	 29	 (59.18) 	 26	 (55.32) 	 31	 (64.58) 0.72

	 CCB, n (%) 	 20	 (40.82) 	 19	 (40.43) 	 16	 (33.33) 0.67

	 ACEI/ARB, n (%) 	 25	 (51.02) 	 17	 (36.17) 	 21	 (43.75) 0.39

	 Statins, n (%) 	 42	 (85.71) 	 39	 (82.98) 	 40	 (83.33) 0.95

	 Nitrate, n (%) 	 28	 (57.14) 	 25	 (53.19) 	 30	 (62.50) 0.72

Laboratory measurements

	 Hb, g/L 	 141.55±12.43 	 137.54±14.49 	 139.69±13.52 0.35

	 HCT, % 	 41.08±6.54 	 40.60±3.92 	 41.22±3.60 0.81

	 ALB, g/L 	 43.15±2.92 	 42.30±3.03 	 43.02±3.13 0.34

	 TG, mmol/L 	 1.40±0.61 	 1.54±0.77 	 1.68±1.33 0.36

	 TC, mmol/L 	 4.29±0.96 	 4.62±1.00 	 4.66±1.11 0.16

	 LDL-C, mmol/L 	 2.67±0.83 	 2.82±0.75 	 2.88±0.96 0.46

	 Glu, mmol/L 	 5.33±0.67 	 5.30±0.53 	 5.42±0.67 0.65

	 eGFR, mL/min/1.73 m2 	 87.02±21.49 	 92.93±24.64 	 92.43±22.91 0.38

	 V/CrCl 	 0.99±0.55 	 0.87±0.41 	 1.00±0.55 0.39

Table 1. Baseline characteristics of the 3 groups.

HR – heart rate; CAG – coronary arteriography; BMI – body mass index; LA – left atrial diameter; LV-d – left ventricular end diastolic 
diameter; EF – ejection fraction; IVS – interventricular septal; CCB – calcium channel blocker; ACEI – angiotensin converting enzyme 
inhibitors; ARB – angiotensin receptor blockers; Hb – hemoglobin; HCT – hematocrit; ALB – albumin; TG – total triglyceride; TC – total 
cholesterol; LDL-C – low density lipoprotein cholesterol; Glu – glucose; eGFR – estimated glomerular filtration rate; V/CrCl – ratio of 
contrast volume-to-creatinine clearance.
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48-72 h after administration of contrast agent [13]. The patho-
genesis of CIN is thought to be multifactorial. After contrast me-
dia administration, CIN was associated with altered renal he-
modynamics and increased oxygen consumption, which could 
lead to hypoxia and increased levels of reactive oxygen species, 
eventually resulting in acute kidney injury [14,15]. Many clinical 
and experimental trials focusing on CIN prevention have been 
reported. Most studies have shown that preventive hydration 
can effectively reduce the incidence of CIN disease, especial-
ly in patients with impaired renal function [16,17]. However, 
the necessity of hydration in patients with very low-risk pro-
files of CIN remains unclear.

Previous studies have evaluated the effect of saline hydration 
on CIN patients with low risk. Calabro et al [6] assessed the 
effectiveness of normal saline hydration plus N-acetyl cyste-
ine (NAC) in preventing CIN in low-risk patients in a retrospec-
tive study. A total of 152 consecutive patients undergoing CAG 
were enrolled. The study had a historical control group with 
172 low-risk patients. Cr levels were measured as the princi-
pal biomarker to evaluate acute kidney injury. Eventually, the 
overall incidence of CIN was 2.6% (4 patients) in the treatment 
group and 11.2% (19 patients) in the historical control group 
(P=0.002) [6]. The results show that, even in low-risk patients, 

the occurrence of CIN is not very low and hydration plus NAC 
may effectively reduce the incidence of CIN.

However, the above study was not a randomized or prospective 
study [6]. The present study is the first randomized clinical tri-
al using highly sensitive biomarkers to evaluate the effective-
ness of different hydration strategies in very low-risk patients. 
Our study showed that there was no CIN in these very low-
risk cases. The levels of Cr and eGFR also did not differ signif-
icantly among the 3 groups. Moreover, even for highly sensi-
tive renal biomarkers such as Cys C and NGAL, no significant 
difference was found among the 3 groups. Therefore, based on 
these results, it appears that there is no need for hydration in 
patients with very low-risk profiles. The cause of the discrep-
ancy between the present study and the aforementioned study 
by Calabro et al [6] might be as follows. First, we enrolled pa-
tients with lower Maheran risk scores (£2) as compared with 
Calabro’s study [6] (2.03 in treatment group vs 2.28 in control 
group, respectively). Second, even in the NH group, patients 
received normal saline infusion during the procedure for their 
safety. Third, although only 6 patients received contrast media 
>200 mL, we excluded them from the present study. Patients 
in the Calabro et al study received a higher volume of contrast. 

Variables  Preventive group  Remedial group NH group P value

Cr, μmol/L

	 Base line 67.82±14.22 63.72±14.74 64.40±14.84 0.34

	 24 h post-procedure 67.12±15.14 62.12±13.41 65.54±16.28 0.25

	 72 h post-procedure 68.68±12.95 65.98±14.06 67.70±15.59 0.65

eGFR, mL/min/1.73 m2

	 Base line 87.02±21.49 92.93±24.64 92.43±22.91 0.38

	 24 h post-procedure 93.32±22.27 99.94±28.18 95.68±24.58 0.43

	 72 h post-procedure 87.87±19.00 93.33±25.08 90.52±21.70 0.48

Cys C, mg/L

	 Base line 0.78±0.12 0.73±0.14 0.73±0.15 0.08

	 24 h post-procedure 0.72±0.11 0.67±0.14 0.70±0.16 0.11

	 72 h post-procedure 0.74±0.11 0.69±0.14 0.70±0.15 0.09

NGAL, ng/mL

	 Base line 9.88±8.64 8.07±7.52 8.92±7.57 0.59

	 6 h post-procedure 6.67±6.76 4.93±5.80 6.41±6.18 0.26

	 48 h post-procedure 8.41±8.50 5.75±5.81 8.02±7.63 0.48

Table 2. Comparisons of renal biomarkers among the 3 groups.

Cr – creatinine; eGFR – estimated glomerular filtration rate; Cys C – serum cystatin C; NGAL – neutrophil gelatinase associated 
lipocalin.
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We think these reasons may explain the discrepancy and no 
cases of CIN occurred in the present study.

CIN is largely associated with contrast volume. Therefore, we 
performed subgroup analysis stratified by PCI or CAG only. 
Although the contrast volumes in the PCI subgroup were sig-
nificantly higher than in the CAG subgroup, there was still no 
significant difference in renal biomarkers among the 3 treat-
ment strategies in patients who underwent PCI. The evidence 
suggests that in very low-risk patients, providing no hydra-
tion is as safe as providing preventive or remedial hydration 
strategies, even when patients received relatively higher vol-
umes of contrast media.

Coronary intervention has been extensively used in the diagno-
sis and treatment of ischemic heart disease. Special attention 
has been paid to CIN due to its worse clinical outcomes com-
pared to those without [18-20]. Although CIN is not common 
in patients with normal renal function, it occurs in 5% of inpa-
tients and 2% of outpatients [21,22]. Currently, the definition 
of CIN is based on the absolute level or the relatively changed 

percentage of Cr after contrast administration. However, nei-
ther Cr nor eGFR is a sensitive or early biomarker to detect 
acute kidney injury. Cys C was reported to be a good biomarker 
for acute renal failure (ARF) and it can detect ARF 1 or 2 days 
earlier than Cr [23]. Cys C increased 8 h after percutaneous 
coronary intervention in CIN patients, and reached its peak 
24 h after use of contrast medium [24]. Urinary NGAL levels 
increase at 4 h after PCI, which is much earlier than for serum 
Cr, and even Cys C. Since NGAL has small molecular size and 
resistance to degradation, it can predict CIN with good sensi-
tivity (76%) and specificity (80%) [25]. According to the results 
of the present study, there is no need to use preventive or re-
medial hydration strategies for patients during the periproce-
dural period when their Mehran risk score is £2. In brief, the 
present study suggests that it is safe, economical, and time-
saving for physicians to perform contrast procedures in outpa-
tient or day admission departments for this particular subset of 
patients with Mehran risk score £2, regardless of CAG or PCI.

The present study has several limitations. First, it is a sin-
gle-center study with relatively small sample size, which may 

Variables

CAG PCI

Preventive 
group 

Remedial 
group 

NH 
group

P value
Preventive 

group
Remedial 

group 
NH 

group
P value

Cr, umol/L

	 Baseline 69.08±15.06 59.70±11.47 63.03±14.50 0.06 66.51±13.49 68.50±16.93 66.10±15.43 0.86

	 24 h after 67.40±15.69 60.40±12.90 64.32±16.65 0.26 66.84±14.87 64.26±14.05 67.00±16.10 0.80

	 72 h after 68.95±13.51 64.66±15.07 67.05±15.40 0.58 68.39±12.63 67.62±12.87 68.44±16.14 0.98

eGFR, mL/min/1.73 m2

	 Baseline 84.54±19.57 98.07±21.70 94.43±22.67 0.08 89.60±23.47 86.80±26.99 89.94±23.51 0.90

	 24 h after 92.05±22.24 102.88±29.32 97.32±26.39 0.34 94.65±22.70 96.29±26.97 93.65±22.60 0.94

	 72 h after 86.62±18.46 96.69±27.77 90.05±21.04 0.28 89.17±19.86 89.17±21.21 91.09±22.96 0.94

Cys C, mg/L

	 Base line 0.77±0.13 0.69±0.13 0.69±0.13 0.06 0.81±0.11 0.78±0.14 0.79±0.16 0.71

	 24 h after 0.71±0.11 0.64±0.13 0.66±0.14 0.15 0.75±0.10 0.70±0.13 0.74±0.17 0.49

	 72 h after 0.73±0.10 0.67±0.14 0.67±0.14 0.20 0.77±0.11 0.72±0.13 0.73±0.15 0.46

NGAL, ng/mL

	 Base line 11.18±9.24 5.33±4.75 9.38±7.45 0.04 8.52±7.91 11.45±8.95 8.37 ±7.84 0.37

	 6 h after 7.35±7.36 3.70±4.04 7.17±7.28 0.13 5.97±6.15 6.45±7.23 5.51±4.54 0.98

	 48 h after 9.26±8.17 4.51±4.41 8.26±7.99 0.18 7.51±8.90 7.28±6.97 7.73±7.35 0.54

Table 3. Subgroup analyses in patients receiving CAG versus PCI.

Cr – creatinine; eGFR – estimated glomerular filtration rate; Cys C – serum cystatin C; NGAL – neutrophil gelatinase associated 
lipocalin.
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weaken the power of results. Thus, further multicenter clini-
cal trials with larger study populations are needed to provide 
stronger conclusions. In the present study, we used highly sen-
sitive biomarkers such as Cys C and NGAL to detect early kid-
ney injury. We did not find significant differences among the 
3 different strategies, which indicated that the effects of con-
trast agents on renal function were very slight in patients with 
very low risk of CIN. Second, we did not conduct routine fol-
low-up to monitor the mid- to long-term changes in renal bio-
markers. However, CIN usually occurs within 48 to 72 h after 
administration of a contrast agent. We tested serum Cr and 
Cys C at 24 and 72 h after the procedure, suggesting that the 
lack of follow-up data did not have a significant effect on the 
conclusions. Third, the Mehran score is generated on a list of 
variables, among which contrast volume can only be measured 
after the procedure. Therefore, we could not precisely predict 
the Mehran score before randomization. Finally, the present 
study was an open-label trial. However, the interventionists 
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