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Introduction
Contrast induced nephropathy (CIN) is one of the 
most common problems of cardiac catheterization 
that associated with short and long term mortality and 
morbidity.1,2

Renal failure requiring hemodialysis after coronary 
intervention is associated with 40% of in-hospital 
mortality and  2-year mortality rate was 80%.3 Most 
clinical studies described contrast induced nephropathy 
as an elevation in the creatinine serum level more than 
0.5 mg/dL or 25% increase  over the baseline during 48-
72 days after the procedure.4-7CIN prevention is essential 
because of no proven effective treatment.8Therefore, the 
screening of high risk patients based on their risk factors 
helps clinicians to have opportunities to prevent AKI and 
improve outcomes.9-11

The major complications occur in up to 25% of patients 
undergoing coronary angiography and angioplasty 
depending on the presence of the known risk factors 
including diabetes mellitus, old age, heart failure, anemia, 
hypertension, hypotension, hypovolemia, low left 

ventricular ejection fraction (LVEF), acute situation, high 
contrast volume, contrast osmolality, ionization and as the 
most important one chronic kidney diseases. 12-14

Enough hydration with isotonic crystalloid solutions 
in the high risk patients is used as the most effective 
prevention method before and after the procedure.15,16

During the recent years, several studies have investigated 
that hyperuricemia is associated with the greater rate 
of CIN occurrence.17-19 Uric acid is the final product of 
purine metabolism20-22 and when it rise in the serum is 
associated with endothelial dysfunction, inflammation, 
activation of RAAS, inhibition of nitric oxide (NO) system 
and increased oxidative stress.23,24A new review article 
suggested that uric acid is a novel independent predictor of 
CIN and measurement of uric acid level before angioplasty 
may be a useful method for assessing the risk of developing 
CIN and short term outcomes.19 However, many studies 
have been performed in this regard but conflicting results 
have been reported and uric acid is not a routine attractive 
test before angiography in our center. Most of the articles 
in this subject are about acute condition like ST elevation 
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Abstract
Introduction: During the recent years, several studies have investigated that hyperuricemia is associated 
with greater incidence of contrast induced nephropathy (CIN). Most of them are in acute conditions 
like primary percutaneous coronary interventions. This study aimed to assess the relationship between 
high serum uric acid and incidence of acute kidney injury in patients undergoing elective angiography 
and angioplasty.
Methods: This prospective study was conducted on 211 patients who were admitted to hospital for 
elective coronary angiography or angioplasty. The researchers measured serum creatinine and uric acid 
on admission and repeated creatinine measurement in 48 hours and seven days after the procedure. 
According to serum uric acid, the patients were divided into two groups; group 1 with normal uric acid 
and group 2 with hyperuricemia which was defined as uric acid more than 6 mg/dL in women and 7 
mg/dL in men. CIN is defined as an increased creatinine level of more than 0.5 mg/dL or 25% from the 
baseline in 48 hours after the intervention. 
Results: In total, 211 patients with mean age of 60.58 years were enrolled in the study. Of these, 87 
(41.2%) patients were in the high uric acid group and 124 (58.8%) were in the normal uric acid group. 
CIN was occurred in 16 patients (7.5%). Seven out of 16 (8.04%) were in the high uric acid and nine 
(7.2%) were in the normal uric acid group. There were no significant differences between the two 
groups (P =0.831). 
Conclusion: The frequency of CIN development was not different in the patients with hyperuricemia.
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MI (STEMI) or acute coronary syndrome.5,7,19,25-27 The 
important point of this study compared to other studies 
was as which this study examined just elective procedures 
and excluded all the primary PCI and urgent angiography 
cases. Meanwhile, the present study had enough time 
to eliminate the nephrotoxic drugs and give enough 
prophylaxis hydration to all the patients. In addition, the 
researchers failed to enter patients with stage 4 & 5 CKD. 
Overall, this study had lower risk patients with proper 
preparation for the procedure.   

Materials and Methods
This prospective study was conducted on 211 patients 
who were admitted to hospital for elective coronary 
angiography or angioplasty during 2018-2019 at Dr. 
Heshmat Treatment and Educational Heart Center in 
Rasht city.

Exclusion criteria were patients with history of end stage 
renal disease (ESRD), nonsteroidal anti-inflammatory 
drug (NSAID) usage within the past seven days, metformin 
usage during the last 24 hours before the procedure, acute 
gout, malignancy, acute infection, acute decompensated 
heart failure and the end the patients who require urgent 
intervention were excluded from the study. 

This study measured serum creatinine and uric acid 
on admission and repeated creatinine measurement in 
48 hours and seven days after the procedure. According 
to serum uric acid, the patients were divided into two 
groups; group 1 with normal uric acid and group 2 with 
hyperuricemia. Hyperuricemia was defined as uric acid 
more than 6 mg/dL in women and 7 mg/dL in men. 
Coronary angioplasty was detected based on coronary 
anatomy and the physician preference. In the patients 
under the intervention, 500 mL normal saline (0.9%) 
was infused before the procedure and continued at a rate 
of 1 mg/kg/h in the patients with normal left ventricle 
ejection fraction (LVEF) and also 0.5 mg/kg/h in those 
with LVEF less than 40% for the next 12 hours. Iodoxanole 
(vesipaque) was used during the intervention. CIN is 
defined as an elevated serum creatinine levels of 25% or 
more than 0.5 mg/dL in 48 hours compared to baseline. 
This study repeated creatinine measurement seven days 
after the procedure to find its prolonged changes and to 
investigate if the creatinine returns to baseline or remains 
high in the CIN group.

The present study recorded the patients’ demographic 
data and their risk factors including age, sex, diabetes, 
hypertension, dyslipidemia, anemia, the number of 
stenosed vessels, left ventricle ejection fraction (LVEF), 
history of myocardial infarction (MI) or coronary arteries 
bypass graft (CABG) and the amount of contrast used 
during the procedure. 

Statistical analysis 
Data were analyzed in SPSS software (version 21.0; 
International Business Machines Corp. Armonk, New 

York, USA). Continues variables were compared using 
independent sample, t test, or Mann-Whitney test 
depending on the normality of distributions. The P 
value for the categorical variables was calculated with 
the chi-square test. A two-tip tailed P value of < 0.05 was 
considered as significant. 

Results
A total of 211 patients were included in the study with 
mean age of 60.58±11.6 years. All of the patients were 
admitted for elective coronary angiography. Coronary 
angioplasty was detected based on coronary anatomy and 
the physician preference in 62 (29.4%) patients. Of these, 
155(73.5%) the patients had good kidney function with 
GFR>60 mL/min, 87 (41.2%) patients were in the high 
uric acid and 124 (58.8%) in the normal uric acid group 
(median (IQR) uric acid= 7.5 (7-8.4) vs. 5 (4.1-5.7), P 
value < 0.001) (Table 1). 

The demographic and clinical data of the patients and 
the two groups are presented in Table 1. The frequency 
of men (64% vs 62%, P value = 0.71), diabetes(33% 
vs. 32%, P value = 0.87), history of MI(3% vs 1%, P 
value = 0.39), history of CABG ( 3% vs. 3%, P value 
=1), heart failure with reduced ejection fraction(44% 
vs. 29%, P value = 0.08), three vessel disease(40% vs 
33%, P value = 0.36), hyperlipidemia (47% vs. 38%, P 
value = 0.18), hypertension(59% vs. 75%, P value = 0.27), 
smoking(25% vs. 31%, P value = 0.33), angioplasty (29.8% 
vs. 28.7%, P value = 0.72), volume of contrast used in the 
procedures with interquartile range (IQR)=(157 (150-
200) vs. 150(150-200) , P value = 0.098), mean age ( 61±11 
vs. 59±11, P value = 0.185) and systolic blood pressure at 
the time of procedure (123±17 vs. 128±21, P value = 0.27) 
had no significant differences between the groups. 

The hyperuremic patients had lower blood sugar at the 
time of procedure (149±79 vs. 162±88, P value < 0.001) 
but the anemia was more prevalent in this group (57% 
vs.41%, P value = 0.026) and they had lower LVEF (41±12 
vs. 46±9, P value = 0.022). 

The hyperurecemic group had higher baseline creatinine 
(Median (IQR)= 1.1(1.01-1.25) vs. 0.98(0.9-1.09), P 
value < 0.001) and lower baseline glomerular filtration 
rate (GFR)(70.56± 24.18 vs. 81.46±23.75, P value < 0.001). 
(Table 1) 

Serum creatinine and GFR were compared in 48 hours 
and seven days after the procedure and this study found 
that the patients with high uric acid had still higher 
creatinine and lower GFR at both times, so that median 
(IQR) of creatinine was 1.16 (1-1.37 vs. 1(0.9-1.1), P 
value < 0.001 in 48 hours and 1.1(1-1.29 vs 1(0.9-1.1), 
P value < 0.003 in 7 days and mean±SD of GFR was 
70.56±24.45 vs. 81.09±23.75, P value < 0.002 in 48 hours 
and 70.34±24.88 vs. 79.98±24.35, P value < 0.006 in seven 
days. (Table 1) 

CIN occurred in 16 patients (7.5%); seven patients of 
whom had (8.04%) high uric acid and nine (7.2%) had 
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normal uric acid. There were no significant difference 
between them (P value = 0.831). (Figure 1) Since most of 
the studies were in PCI patients, this study repeated the 
analysis in this subgroup,= again; among PCI group, 37 
patients had normal uric acid, 2 (5.4%) cases developed 
CIN and 25 patients had high uric acid, while three 
patients (12%) developed CIN. (P value =  0.350) Thus, 
the occurrence of CIN in our PCI patients was not 
significantly different in uric acid groups.

Furthermore, this study compared other known risk 
factors of the kidney injury between the patients who 
developed CIN and the others. The frequencies of men 
(68% vs. 63%, P value = 0.65), age ≥65 years (56% vs 34%, P 
value = 0.231), hypertension (64% vs. 63%, P value = 0.93), 
diabetes (32% vs. 31%, P value = 0.89), smoking (37% 
vs. 28%, P value = 0.43), three vessel disease (50% vs. 
35%, P value = 0.24), left ventricle ejection fraction less 
than 40% (44% vs. 35%, P value = 0.58), coronary bypass 
graft (CABG) (6% vs. 3.1%, P value = 0.5), angioplasty 
(29.2% vs. 31.2%, P value = 0.882) anemia (50% vs. 48%, 

P value = 0.65) and the volume of the used contrast 
with median (IQR)=150 (150-200) vs. 150(150-200), 
P value = 0.607) had no significant differences in CIN 
groups. (Table 2).

Baseline creatinine (0.97 (0.83-1.09) vs. 1.04 (0.92-1.17),  
P value = 0.086) and GFR (69.76±29.69 vs. 78.25±24.01, 
P value = 0.766 ) was not significantly different in the 
CIN groups but in 48 hours post procedure patients 
who developed CIN had significantly higher creatinine 
(1.31(1.15-1.59) vs. 1.05(0.93-1.18), P value < 0.001) and 
lower GFR (60.98±34.02 vs. 76.68±23.71, P value < 0.001) 
and these differences remained even after 7 days between 
creatinine (1.15(1-1.66) vs. 1.03(0.91-1.18), P value = 0.02) 
and GFR (61±26 vs. 77±24, P value = 0.034). (Table 3)

Discussion 
In the present study, CIN occurred in 7.5% of the patients 
with no significant difference in the high uric acid group. 
This finding is not consistent with most of the previous 
studies being reviewed. A recent meta-analysis reviewed 

Table 1. The demographic and clinical data of the patients based on uric acid 

Total Normal uric acid High uric acid P value

Male 134 (63.5%) 80(62%) 54(64%) 0.71

Diabetes 69 (32.7%) 40(32%) 29(33%) 0.87

Hypertension 134 (63.55%) 75(67%) 59(60%) 0.27

Smoking 61 (28.9%) 39(31%) 22(25%) 0.33

History of infarction 5 (2.4%) 2(1%) 3(3%) 0.39

LVEF < 40% 41(19.4%) 19(29%) 22(44%) 0.08

CABG 7 (3.3%) 4(3%) 3(3%) 1

Angioplasty 62(29.4%) 37(29.8%) 25(28.7%) 0.72

Three vessel disease 76 (36.0%) 42(33%) 34(40%) 0.36

Hyperlipidemia 88(42%) 47(38%) 41(47%) 0.18

Anemia 102(48%) 52(41%) 50(57%) 0.026

Age, y 60.58±11.6 59.00±11 61.00±11 0.185

SBP, mm Hg 126.87±19.88 128.00±21 123.00±17 0.068

LVEF (%) 44±11 46.00±9 41.00±12 0.022

Blood sugar, mg/dL 156.88± 84.84 162.00±88 149.00±79 0.001

 Baseline Cr, mg/dL Median 1.04
IQR(92-117)

Median 0.98
IQR (0.9-1.09)

Median 1.1
IQR(1.01-1.25) <0.001

In 48 hours Cr, mg/dL Median 1.06
IQR (93-1.2)

Median 1
IQR(0.92-1.1)

Median 1.16
IQR(1-1.37) <0.001

In 7 days Cr, mg/dL Median 1.04
IQR(0.92-1.2)

Median 1
IQR(0.9-1.1)

Median 1.1
IQR(1-1.29) <0.003

Uric.acid, mg/dL Median 6
IQR(6-7.3)

Median 5
IQR(4.1-5.7)

Median 7.5
IQR(7-8.4) <0.001

Baseline GFR, mL/min 76.96±24.96 23.7481.46± 24.1856±70± <0.001

In 48 hours GFR, mL/min 76.75±24.54 23.75± 81.09 24.4570.56± <0.002

In 7 days GFR, mL/min 76.01±24.97 24.3579.98± 24.8870.34± <0.006

Contrast volume, mL Median 150
IQR (150-200)

Median 150
IQR (150-200)

157.00,
 IQR(150-200) 0.098

Abbreviations: CABG, coronary arteries bypass graft; Cr, creatinine; GFR, glomerular filtration rate; IQR, interquartile ranges; LVEF, left ventricle ejection 
fraction; SBP, systolic blood pressure;
The values are expressed as the mean ± SD or the median with the interquartile ranges or the numbers with percentages.
P value < 0.05 was considered significant.
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10 articles with 6705 patients and found CIN occurred 
in 11.5% of the patients after PCI. In this study, baseline 
serum uric acid level was significantly higher in those who 
developed CIN. High creatinine level, old age, diabetes 
mellitus and hypertension were the other significant risk 
factors.19 Likewise, a study by Abdollah et al conducted on 
146 patients with acute STEMI underwent primary PCI 
concluded that 8.8% of the patients experienced developed 
CIN, 14.1% hyperuricemia and 2.94% with normal uric 
acid had a significant difference and concluded that 
elevated uric acid was associated with higher risk of CIN 
in the STEMI patients with normal serum creatinine after 
PCI.25

This conflict can be explained so that that the patients 
in the present study had generally lower risk. Most of the 
patients in the present study had good kidney function as 
73.5% had GFR>60 mL/min. This study had no emergent 
PCI and excluded the patients with acute myocardial 
infarction. The interventions were elective and the 
researchers performed enough hydration as prophylaxis to 
all of the cases before angiography. Most of the procedures 
were just diagnostic coronary angiography and PCI was 
performed in only 29% of the cases. Since most of the 
studies were performed on the PCI patients, the researchers 
of this study repeated the analysis in this subgroup, again; 
the occurrence of CIN was not significantly different in 
uric acid groups. However, maybe if this study had more 
number of PCI, the results could be different but in the 
present study, the contrast volume and the number of PCI 
was the same in the uric acid and CIN groups and did not 
have an important effect on the results.  

The population of this study was somewhat the same 
as the study by Li et al so that 788 patients with normal 
creatinine underwent elective PCI with hydration before 
and after the procedure but in their study CIN occurred 
with more incidence in the hyperuricemia group (8.1% vs. 
1.4%). They demonstrated in hospital mortality and need 
for renal replacement therapy were significantly higher 

in hyperuricemia group. Further, other risk factors were 
older than 75 years , emergent PCI, diuretic usage and 
need for IABP.28 

Pakfetrat et al  found serum uric acid level failed to differ 
significantly between CIN+ and CIN- groups. They failed 
to find a difference between their study groups because 
their study included a significant number of patients with 
normal kidney function.29 This is in more agreement with 
this study with most of the patients in favorable kidney 
function category.

Some of the articles evaluated the effects of 
hyperuricemia on CIN, especially in CKD patients. 
Toprak et al conducted an observational study in patients 
with chronic kidney disease and resulted high serum uric 
acid can predict CIN.30 In another study by Madero et al 
they observed that  hyperuricemia in the patients with 
stage 3-4 CKD has been appeared to be an independent 
risk factor of all cause and cardiovascular mortality but 
not for kidney failure.31 

Okino et al  explored 132 patients with CKD who 
underwent elective PCI and found that CIN occurred 
in 6.5% of the patients and incidence of CIN was not 
significantly different between two uric acid groups, 
however, they resulted uric acid was a predictor of slow 
and mild developing factor to renal insufficiency which 
defined as creatinine rise more than 0.2 mg/dL in 2 weeks 
after PCI in the patients with CKD.6 Likewise, this study 
repeated creatinine and GFR measurement after seven 
days and discovered that the patients with CIN had still 
persistent higher creatinine and lower GFR even after a 
week post procedure. It indicated the long-term effect of 
contrast on kidney function. The results were the same 
in hyperuricemia such that this group had significantly 

Table 2. Comparison of the known risk factors of the acute kidney injury 
between patients who developed CIN and those without CIN occurrence. 

Variables Total CIN - CIN + P value

Male 134 (63.5%) 123(63%) 11(68%) 0.65

Age ≥65 80(38%) 72(34%) 9(56%) 0.231

Diabetes 69 (32.7%) 64(31%) 5(32%) 0.89

Hypertension 134 (63.55%) 124(63%) 10(64%) 0.93

Smoking 61 (28.9%) 55(28%) 6(37%) 0.43

Anemia 102(48%) 94(48%) 8(50%) 0.65

LVEF < 40% 41 37(35%) 4(44%) 0.58

CABG 7 (3.3%) 6(3.1%) 1(6%) 0.5

Angioplasty 62 (29.4%) 57(29.2%) 5(31.2%) 0.885

Three vessel 
disese 76 (36.0%) 68(35%) 8(50%) 0.24

Contrast 
volume

Median150
IQR(150-200)

Median150
IQR(150-200)

Median150
IQR(150-200) 0.607

Abbreviations: CABG, coronary arteries bypass graft; CIN, contrast induced 
nephropathy; IQR, interquartile range; LVEF, left ventricle ejection fraction  
The values are expressed as the numbers and percentages, the mean ± 
SD or the median and the interquartile ranges.
P value < 0.05 considered significant
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higher creatinine and lower GFR after 7 days. However, 
this study could not suggest that high uric acid can have a 
role in this finding. In fact, the patients with hyperuricemia 
had higher baseline creatinine and lower GFR and these 
differences were still visible after 48 hours and seven days 
post procedure. This finding in accordance with the study 
by Kodama et al found normal uric acid was associated 
with less renal dysfunction among the adults older than 
40 years old and hyperuricemia was associated with 
diabetic nephropathy.32, 33 Altogether, it can suggested that 
high uric acid can reduces renal function independent 
of our intervention, however, the rise of creatinine post 
procedure was not enough for leading to CIN.

This study compared other risk factors between 
the patients with high and normal uric acid. None 
of the variables like sex, age, diabetes, hypertension, 
smoking, previous infarction, CABG, coronary anatomy, 
hyperlipidemia were different between the two groups. 
Although, the patients had generally lower LVEF in the 
high uric acid group. Meanwhile, heart failure with reduced 
ejection fraction had the same frequency in both groups 
and the frequency of anemia was significantly higher in 
hyperuricemia patients. The study by Sreenivasan et al  
exhibited that the severity of anemia was a strong predictor 
of CIN following coronary angiography34 and Li et al  also 
said baseline GFR and anemia were independent risk 
factors of CIN.28 Another study by Eun et al  represented 
that anemia in CKD patients was associated with a 2-fold 
increase in the risk of hyperuricemia which remained 
significant even after adjustment for renal function.35  The 
findings of this study are in line with this study about more 
prevalence of anemia in hyperuricemia patients and they 
had also less GFR. However, this study had no enough 
power to suggest this matter while maybe anemia is one 
of the factors leading to increase the risk of hyperuricemia 
which can affect kidney function and CIN.

This study failed to evaluate the effects of other 
risk factors of CIN. The frequency of men, old age, 
hypertension, diabetes, smoking, baseline GFR, three 
vessel disease, left ventricle ejection fraction less than 
40%, history of CABG and anemia were not meaningfully 
different in the CIN groups. 

The pathophysiology of CIN is complex and 

multifactorial.36 A critical illness can damage the kidney 
and contrast agent can cause direct tubular toxicity and 
make kidney injury by renal vasoconstriction, impaired 
vasodilation, medullary hypoxia and oxidative stress.37 
Uric acid is the end product of purine metabolism and 
excrete via kidneys. Uric acid inactivates nitric oxide, an 
endothelial derived relaxing factor. Therefore, elevated 
uric acid can induce endothelial dysfunction and renal 
vasoconstriction.38 Further, hyperuricemia accelerates 
proinflammatory pathways and proliferation of vascular 
smooth muscle cells and endothelial dysfunction.39, 40Acute 
kidney injury can occur in acute urate nephropathy with 
crystal dependent pathways.36 

In addition, there are several reasons for making uric 
acid as a significant risk factor of kidney injury and CIN 
but this study could not show this effect. Furthermore, this 
study had some limitations. It was a single center study 
with small samples of patients and short observational 
period. The researchers performed the study in lower 
risk patients and procedures, thus so generalization of the 
results is difficult. Therefore, this study still needs bigger 
multi center studies to evaluate the effect of hyperuricemia 
and its treatment on CIN development. 

Conclusion
The frequency of CIN development had no difference 
in the patients with normal and high uric acid maybe 
because of lower risk patients and procedures with 
enough preventive modalities. However, hyperuricemia 
was accompanied with worse kidney function before and 
after the procedure. 
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