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INTRODUCTION

Contrast-induced nephropathy (CIN) is a relatively 
common complication after coronary angiography or 
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Objective
The effi  cacy of oral hydration in the prevention of contrast-induced nephropathy in patients undergoing elective coronary intervention is unclear. 

Methods A total of 120 patients were randomly assigned to three groups. Group A (n = 40) received intravenous hydration before and after coro-
nary angiography or angioplasty. Group B (n = 40) received oral tap water before and after the procedures, whereas group C (n = 40) received only post-
procedural drinking water. Levels of serum creatinine and urea nitrogen were measured before, 12 hours after, 2 and 3 days after the coronary angiography 
or angioplasty. 

Results There was no statistically signifi cant diff erence in the age, sex, baseline renal function and the volume of contrast medium used during the 
coronary procedures among the three groups (P > 0.05). There was no statistically signifi cant diff erence in the mean serum creatinine or urea nitrogen 
among the three groups 12 hours, 2 and 3 days after the coronary procedures (P > 0.05). The incidence of contrast-induced nephropathy in group A, B and 
C was 5.0% (2/40), 7.5% (3/40) and 5.0% (2/40), respectively (P = 0.86). Renal function in the seven patients who experienced contrast-induced nephrop-
athy recovered within a week following rehydration treatment.

Conclusions Pre- and post-procedural oral hydration was as eff ective as intravenous rehydration in the prevention of contrast-induced nephrop-
athy in patients undergoing coronary angiography or angioplasty. 
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percutaneous coronary intervention (PCI)1,2. CIN can 
result in adverse clinical outcomes, such as in-hospital 
mortality and poor long-term survival1,2. The incidence 
of CIN related to coronary angiography or PCI is about 
3.3% to 20% in the general population3,4, and is as high 
as 40-50% in patients with a history of diabetic nephrop-
athy5. 

A number of previous studies have investigated the 
strategies in preventing CIN. These strategies include 
assessment and identification of high risk patients who 
may develop CIN following coronary angiography or 
PCI6,7. Other strategies include reduction of the contrast 
media volume in patients with chronic kidney dysfunc-
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ventional cardiologists’ discretion. An angiographically 
significant lesion was defined as a luminal diameter 
narrowing of a major coronary artery greater than, or 
equal to 50%. The low-osmolality ionic contrast agent 
Iopromide (Ultravist 370, Bayer Company) was used in 
all procedures. Adjunctive drug therapies were left to 
the discretion of the attending cardiologists. 

SCr and blood urea nitrogen (BUN) were measured 
in our laboratory 12 hours before, 2 days and 3 days after 
the procedures. Serum creatinine clearance was calcu-
lated by Cockcroft – Gault formular method15. CIN was 
defined as an absolute increase in SCr of ≥ 0.5 mg/dL 
(44.2 μmol/L), or a ≥ 25% relative increase in SCr from 
the baseline value at 48 to 72 hours after the exposure 
to contrast agent in the absence of alternative causes for 
acute kidney injury3. 

Statistical analysis

Continuous variables were presented as mean ± stand-
ard deviation and were compared by one-way analysis 
of variance (ANOVA). Categorical data were presented 
as number and percentages and compared with chi-
square test or Fisher exact test when adaptable. All data 
were analysed by SPSS 11.0 software (SPSS, Inc. Chicago, 
Illinois). A two-sided P value of < 0.05 was considered 
to be significant.

RESULTS

General fi ndings

The baseline characteristics of the 120 patients are 
shown in table 1. There was no statistically significant 
difference in age, sex, history of hypertension, diabetes, 
history of myocardial infarction, left ventricular ejection 
fraction and concomitant medications among the three 
groups (P > 0.05). The angiographic findings, procedural 
details and the volume of contrast medium used during 
the procedures are shown in table 2. There was no sta-
tistically significant difference in the mean volume or 
dose of administered contrast medium among the three 
groups (P > 0.05). 

There was no peri-procedural mortality. Four patients 
experienced transient hypotension (two from group A, 
one from group B and one from group C) during the 
angiographic study of the right coronary artery. The 
blood pressure in these patients was normalized after 
intravenous administration of dopamine.

Renal function results and follow-ups

As shown in table 3, there was no statistically 
significant difference in the baseline SCr, creatinine 

tion2,8,9, and adequate hydration with intravenous normal 
saline infusion before the coronary procedures1,10,11. 
Currently, pre- and post-procedural intravenous infu-
sion of normal saline has been recommended as a CIN 
prevention strategy12. The effectiveness of orally admin-
istered fluid, or oral hydration, has been controversial. 
Earlier evidence suggests that pre-procedural oral hydra-
tion may be effective in preventing CIN in patients with 
chronic renal dysfunction13,14. However, a randomized 
clinical trial showed that CIN developed more frequently 
in patients who received oral hydration in comparison 
with intravenous hydration10. 

The aim of this study was to evaluate the clinical 
effectiveness of oral hydration with neutral water in the 
prevention of CIN in patients undergoing coronary 
angiography or PCI. 

PATIENTS AND METHODS

Patient selection 

This study was approved by the Institutional Review 
Board for human research, and all patients gave written 
informed consent before the study. Between January 
2010 and October 2010, 120 consecutive patients with 
definitive or suspected coronary artery disease were 
selected for this study. The selection criteria were: (a) 
age between 18 and 80 years and scheduled for coronary 
angiography or PCI; (b) normal renal function and a 
baseline serum creatinine concentration (SCr) below 
110 μmol/L. The exclusion criteria were: (a) acute 
myocardial infarction; (b) left ventricular dysfunction 
with a left ventricular ejection fraction below 45%; and 
(c) blood electrolyte disturbances or liver dysfunction. 

Study protocol 

Patients were randomly assigned to three groups by 
using computer-generated numbers before coronary 
angiography or PCI. Patients in group A (intravenous 
hydration group) received intravenous infusion of nor-
mal saline at 1 ml/kg/h, which was commenced 12 hours 
before the procedure and continued for the next 24 hours 
after the completion of the coronary procedures. Patients 
in group B (oral hydration group 1) consumed 500 ml 
of tap water 2 hours before the procedures, and another 
2000 ml of tap water within the 24 hours following 
the procedures. Patients in group C (oral hydration 
group 2) consumed 2000 ml of tap water only within the 
first 24 hours after the procedure. In all three groups, 
patients were allowed to drink additional tap water or 
other fluids freely before and after the procedures.

Coronary angiography or PCI was performed 
through the femoral or radial artery access at the inter-
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Table 1 Baseline characteristics of the studied patients

Characteristics  Group A Group B Group C P 

Age (years) 55.7 ± 11.9 57.2 ± 9.2 54.9 ± 10.8 0.98

Male, n (%) 22 (55) 21 (53) 24 (60) 0.56

Blood pressure (mm Hg)

Systolic 140.2 ± 35.6 137.1 ± 34.5 141.2 ± 33.2 0.77

Diastolic 105.2 ± 10.6 107.6 ± 12.4 103.7 ± 9.3 0.87

Hypertension, n (%) 7 (17) 8 (20) 6 (15) 0.84

Diabetes, n (%) 10 (25) 9 (23) 11 (27) 0.88

Previous myocardial infarction, n (%) 4 (10) 3 (7.5) 5 (12.5) 0.76

Previous PCI, n (%) 5 (12.5) 6 (15) 5 (12.5) 0.93

Left ventricular EF (%) 50 ± 8.5 49 ± 9.0 51 ± 8.0 0.97

NYHA classifi cation, n (%)

I 38 (95) 36 (90) 37 (92.5) 0.66

II 2 (5) 4 (10) 3 (7.5) 0.70

Medication, n (%)

ACE inhibitors 15 (37.5) 16 (40) 17 (42.5) 0.90

ARBs 18 (45) 17 (42.5) 16 (40) 0.91

Statins 38 (95) 37 (92.5) 37 (92.5) 0.88

Diuretics 3 (7.5) 4 (10) 3 (7.5) 0.89

Calcium channel blockers 4 (10) 7 (17.5) 8 (20) 0.44

Beta blockers 19 (47.5) 23 (57.5) 25 (62.5) 0.39

Aspirin 39 (97.5) 40 (100) 37 (92.5) 0.17

Clopidogrel 9 (22.5) 16 (40) 13 (32.5) 0.24

Antidiabetic therapy 9 (22.5) 9 (22.5) 10 (25) 0.35

Indication for coronary angiography, n (%)

First diagnosis 10 (25) 15 (37.5) 17 (42.5) 0.24

Unstable angina 23 (57.5) 31 (77.5) 28 (70) 0.15

Post MI 4 (10) 3 (7.5) 5 (12.5) 0.76

Other 3 (7.5) 4 (10) 2 (5) 0.69

Data was present as mean ± SD or n (%). CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; EF, ejection fraction; NYHA, New York Heart 
Association; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker. MI: myocardial infarction. 

Table 2 Angiographic fi ndings and procedural details

Variables  Group A Group B Group C P 

Cardiac angiography procedure, n (%)

Coronary angiography only 13 (32.5) 14 (35) 15 (37.5) 0.89

Coronary angiography and ad hoc PCI 27 (67.5) 26 (65) 25 (62.5) 0.89

Artery access way 

Femoral 7 (17.5) 8 (20) 3 (7.5) 0.25

Radial 33 (83.5) 32 (80) 37 (92.5) 0.25

Left ventriculography, n (%) 10 (25) 12 (30) 10 (25) 0.84

Angiographic fi ndings, n (%)

Normal 4 (10) 5 (12.5) 5 (12.5) 0.92

Atherosclerosis 6 (15) 7 (17.5) 7 (17.5) 0.84

Single vessel 7 (17.5) 2 (5) 13 (32.5) 0.006

Double vessels 12 (30) 19 (47.5) 6 (15) 0.007

Triple vessels 7 (17.5) 5 (12.5) 5 (12.5) 0.76

Left main coronary artery 4 (10) 2 (5) 4 (10) 0.64

Contrast agents dose (mL) 151.2 ± 63.1 147.2 ± 60.6 154.8 ± 58.4 0.34

Patients without PCI 79.4 ± 22.4 74.7 ± 20.2 82.6 ± 19.5 0.56

Patients with PCI 139.6 ± 54.3 142.8 ± 56.1 148.5 ± 57.9 0.91

Dose of iodine (g/kg body weight) 0.63 ± 0.23 0.75 ± 0.27 0.73 ± 0.30 0.34

Data was present as mean ± SD. PCI, percutaneous coronary intervention.
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quently reduces the development of CIN10,11. A recent 
guideline has recommended an intravenous hydration 
regime of isotonic crystalloid (1.0 to 1.5 mL/kg per hour) 
for 3 to 12 hours before, and continuing for 6 to 24 hours 
after the coronary procedures12. The aim of hydration is 
to maintain sufficient intravascular volume to increase 
renal perfusion, in order to provide adequate diuresis 
prior to contrast media administration, and to avoid 
hypotension12.

Several hydration protocols have been investigated 
in the previous studies. Hydration with oral fluid has 
been shown as effective as intravenous hydration in 
patients with chronic kidney disease13,14, and in high-risk 
patients with diabetes17. In the study by Trivedi and col-
leagues10, intravenous hydration was more effective than 
oral hydration in the prevention of CIN. However, 
Trivedi’s study was carried out in a small group of 
53 patients, and the fluid intake was not controlled in 
the oral hydration group. In our study on 120 patients, 
there was no statistically significant difference in 
patients’ demographics, clinical and procedural data, or 
in the volumes of contrast medium used during the 
procedures among the three groups. The prevalence of 
CIN was similar between the intravenous hydration 
(5.0%) and the two oral hydration groups (7.5% and 
5.0%, respectively). A six-month follow-up did not 
reveal any newly diagnosed renal dysfunction. These 
results indicate that adequate pre- and post-oral hydra-
tion with tap water may be as effective as intravenous 
infusion of normal saline in the prevention of CIN in 
these patients.

It is worth noting that the overall prevalence of CIN 
in the present study was only 5.8%, which was lower 

clearance or BUN among the three groups (P > 0.05). 
Within each group, there was a small increase in SCr 
(5 to 13 μmol/L) within the 12 hours following the pro-
cedures, but these increases did not reach statistical 
significance (P > 0.05). 

Seven patients (5.8%) developed CIN within the first 
48 hours following the coronary procedures. The num-
ber of CIN patients in group A, B and C was 2 (5.0%), 
3 (7.5%) and 2 (5.0%), respectively (P = 0.86). These 
patients were treated with oral and intravenous fluid 
supplements in the hospital. Renal function returned to 
normal in all patients within seven days, and none of 
the patients required dialysis. 

All 120 patients were followed up in our hospital 
clinics for an average of 6.1 ± 2.2 months after discharge. 
Clinical examination and blood biochemistry revealed 
no renal dysfunction in these patients. 

DISCUSSIONS

Coronary angiography or PCI have been widely used 
in the diagnosis and treatment of coronary artery dis-
ease. Depending on the complexity of the procedures, a 
different amount of contrast medium is used, and as 
shown in the present study, patients who were treated 
with PCI required approximately 140 mL of contrast 
medium, almost twice as much as patients undergoing 
coronary angiography only. Previous studies have shown 
that CIN is a frequent complication after coronary angi-
ography or PCI3,4,16, and adequate hydration before and 
after contrast medium administration can improve renal 
blood flow and glomerular filtration, which subse-

Table 3 Comparison of SCr, clearance of serum creatinine and BUN of the groups

Variables  Group A Group B Group C P value

SCr (μmol/L)

Baseline 102 ± 25.90 108 ± 23.78 110 ± 22.55 0.89

12 hours after 115 ± 26.89 113 ± 24.56 117 ± 21.55 0.65

2 days after 112 ± 27.32 115 ± 22.77 114 ± 24.30 0.62

3 days after 108 ± 25.22 112 ± 23.66 107 ± 27.65 1.03

Creatinine clearance

Baseline 98.3 ± 15.3 107.7 ± 14.7 99.2 ± 17.6 0.24

12 hours after 79 ± 20.2 82 ± 22.8 78 ± 22.3 0.45

2 days after 82 ± 15.6 90 ± 20.3 92 ± 21.8 0.76

3 days after 89 ± 16.4 99 ± 21.3 94 ± 19.3 0.55

BUN (mmol/L)

Baseline 7 ± 3.24 6 ± 3.67 8 ± 3.26 0.98

12 hours after 7 ± 2.32 8 ± 2.33 7 ± 3.58 0.69

2 days after 8 ± 2.09 9 ± 2.66 9 ± 4.34 0.77

3 days after 6 ± 2.89 9 ± 3.09 6 ± 4.09 0.83

Data was present as mean ± SD. SCr, serum creatinine; BUN, blood urea nitrogen.



Hydration for contrast-induced nephropathy 569

CONCLUSIONS

This randomized clinical trial showed that the prev-
alence of CIN in patients who received oral hydration 
was similar to that in patients treated with intravenous 
saline infusion. These results suggest that hydration with 
oral fluids before and after coronary angiography or PCI 
may be as effective as intravenous saline infusion in 
preventing CIN in patients undergoing coronary angi-
ography or PCI.

CONFLICT OF INTEREST: none declared. 

than the prevalence reported in other studies17,18. Several 
factors may have contributed to the lower CIN preva-
lence in our patients. Older age, pre-existing diabetes or 
renal dysfunction, and cardiac dysfunction were the risk 
factors of contrast medium-induced CIN3,19. The volume 
of contrast media and the risk of acute kidney injury 
have been documented8. In the present study, we only 
selected patients with normal baseline renal and cardiac 
dysfunction. The mean age of our patients was less than 
60 years which was lower than in other reports16,17.In 
addition, the mean volume of contrast media used in 
our study (ranging from 74.7 to 148.5 mL) was lower 
than some studies17,20. These factors may have contrib-
uted to the relative low CIN prevalence in our study.
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