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Abstract

Original Research Article

Background: Contrast-induced nephropathy (CIN) is a major cause of acute kidney injury (AKI) worldwide, with
variable prevalence across centres. New biomarkers, such as serum cystatin C, have been introduced for earlier AKI
detection, but data from resource-limited settings remain scarce. This study assessed the incidence, predictors, and short-
term renal outcomes of CIN using cystatin C and creatinine in patients undergoing contrast-enhanced procedures at the
University of Maiduguri Teaching Hospital (UMTH), Nigeria. Methods: In this prospective study, 150 consenting adults
(>18 years) receiving contrast media were enrolled. Sociodemographic data and baseline laboratory measurements,
including cystatin C, creatinine, and estimated glomerular filtration rate (¢GFR), were obtained. CIN was defined as a
>0.5 mg/dL or >25% rise in serum creatinine within 48—72 hours post-contrast. Logistic regression identified predictors
of CIN, and renal outcomes were assessed over three months. Results: CIN prevalence was 30% using creatinine at 48
hours and 49.3% using cystatin C at 24 hours. Independent predictors included older age (OR = 1.346, p = 0.009), higher
contrast volume (OR =2.037, p=0.001), elevated baseline creatinine (OR = 1.601, p = 0.006), and lower baseline eGFR
(OR = 1.767, p = 0.003). Cystatin C sensitivity and specificity ranged from 51.1-68% and 52.4—58.1%, respectively,
across 24—72 hours, without superiority over creatinine. Of CIN cases, 73.3% recovered within two weeks; 17.9% had
persistent dysfunction, and 4.6% required dialysis. At three months, 62.5% of persistent cases recovered, 25% had
ongoing impairment, and 12.5% remained on dialysis. Conclusion: CIN is common in UMTH, with significant short-
term renal sequelae. Key risk factors include age, contrast volume, and pre-existing renal impairment. Cystatin C did

not outperform creatinine in CIN detection in this cohort.
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INTRODUCTION

Contrast-induced nephropathy (CIN) is defined
as an acute elevation of serum creatinine greater than 0.5
mg/dL above baseline or an increase exceeding 25%
within 48—72 hours following administration of contrast
media (CM) [1,2]. Serum creatinine remains the
conventional diagnostic standard; however, its delayed
rise after contrast exposure limits early detection of renal
injury [2]. Cystatin C, an endogenous cysteine proteinase
inhibitor, has been proposed as a more reliable biomarker
because it is stable, freely filtered by the glomerulus, and

reflects renal function earlier often within 24 hours of
injury—while being less influenced by age, sex, race, or
muscle mass [2,3].

In developed countries, CIN is the third leading
cause of hospital-acquired acute kidney injury (AKI),
after hypovolemia and surgical procedures [2,6].
Although its course may be benign in many patients, CIN
is associated with increased morbidity, mortality,
prolonged hospitalization, and, in some cases, the need
for dialysis [4,5]. The global shift toward greater use of
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advanced radiological imaging often requiring contrast
agents has heightened CIN’s clinical relevance,
particularly in resource-limited settings [6].

In Nigeria, the growing demand for diagnostic
and interventional radiological procedures using low,
iso, and high-osmolar contrast media is likely to increase
CIN incidence, along with the burden of AKI requiring
dialysis [6]. While data from developed settings report
CIN in 12% of hospital-acquired AKI cases, local studies
suggest even higher rates [6,7]. For instance, Okoye et
al., [6]. reported a 35.9% incidence in Benin City, with
risk factors including pre-existing renal impairment,
diabetes mellitus, and concomitant nephrotoxic drug use.

The pathogenesis of CIN is multifactorial,
involving a combination of ischemic and toxic injury to
renal tubular cells. However, not all patients exposed to
contrast agents develop CIN, suggesting that certain
protective or predisposing factors influence individual
susceptibility. Identifying these factors in our population
is critical to preventing CIN and reducing the associated
AKI burden [8-10].

Despite the increasing recognition of CIN,
limited research in our setting has evaluated its
prevalence, risk factors, and outcomes using both
traditional (creatinine) and newer (cystatin C)
biomarkers. This prospective study was designed to
determine the prevalence of CIN in patients receiving
contrast at the University of Maiduguri Teaching
Hospital (UMTH), assess short-term renal outcomes
over two weeks and three months, and identify predictors
of CIN in this population.

Aims and Objectives

Primary Objective

e To evaluate short-term renal outcomes, including
recovery, non-recovery, and dialysis dependency,
following contrast-induced nephropathy (CIN), and
to determine the usefulness of serum cystatin C
compared with serum creatinine in monitoring these
outcomes among patients undergoing contrast-
enhanced imaging at UMTH, Maiduguri.

Secondary Objectives

1. To determine the prevalence of CIN in the study
population.

2. To identify patient-related and procedural risk
factors associated with CIN.

3. To assess the relationship between identified risk
factors/co-morbidities and  short-term  renal
outcomes.

METHODOLOGY
Study Design and Setting

This was a prospective observational study
conducted at the University of Maiduguri Teaching

Hospital (UMTH), Maiduguri, Nigeria, a major tertiary
referral center serving the North-Eastern region.

STUDY POPULATION

The study enrolled adult patients (>18 years)
scheduled for contrast-enhanced imaging procedures
between [insert month/year] and [insert month/year].

Inclusion Criteria

e Adults undergoing intravascular administration of
iodinated contrast medium for radiological
investigations.

e Baseline serum creatinine and/or cystatin C
available within 24 hours before contrast exposure.

Exclusion Criteria

e Pre-existing end-stage kidney disease on
maintenance dialysis.

e Refusal to give informed consent.

e Incomplete follow-up data within the defined short-
term period.

Definition of Contrast-Induced Nephropathy

CIN was defined as an absolute increase in
serum creatinine of >0.5 mg/dL (44 umol/L) or a relative
increase of >25% from baseline within 48—72 hours after
contrast administration, in the absence of other
identifiable causes.

Data Collection

Demographic data, comorbid conditions (e.g.,
diabetes, hypertension, heart failure), indication for
imaging, type and volume of contrast used, baseline renal
function, and concomitant nephrotoxic medications were
recorded using a structured proforma.

Laboratory Assessment

e Serum creatinine and serum cystatin C were
measured at baseline and at 48—72 hours post-
contrast exposure.

e Renal outcomes were classified as complete
recovery, partial recovery, persistent renal
dysfunction, or dialysis dependency at 14 days post-
exposure.

Outcome Measures

Primary outcomes:

e Incidence of CIN.

e Distribution of short-term renal outcomes (recovery
vs non-recovery vs dialysis dependency).

Secondary outcomes:

e  Predictors of CIN.

e Association between baseline cystatin C levels and
renal outcomes.

Statistical Analysis
Data were analysed wusing IBM-SPSS
(International Business Machines-Statistical Package for
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the Social Sciences) Statistics for Windows, Version
21.0. Continuous variables were expressed as mean +
standard deviation or median (IQR) and compared using
Student’s t-test or Mann—Whitney U test as appropriate.
Categorical variables were expressed as proportions and
compared using the Chi-square test. Logistic regression
was used to identify independent predictors of CIN. A p-
value <0.05 was considered statistically significant.

RESULTS

A total of 160 subjects who satisfied the
inclusion criteria were enrolled into the study. These
subjects presented to the Radiology Department for

various radiological investigations requiring the use of
CM.

Pre-contrast

48-72 hours post-
contrast

160 participants

10 failed to have Study
post-contrast
blood drawn 150

participants n =

CIN positive
n = 45(30%)

CIN negative
n = 105(70%)

Renal recovery

2 weeks post-contrast n = 33(22%)

Non-recovery Dialysis
n = 6(4%) n=2{1.3%)

Lost to folow-up

n = 4(2.6%)

3 months post- Dialysis
n = 1{0.6%)
contrast

Non—recovery
(CKD)

n =2{1.2%)

Renal recovery
n = 5(3.3%) n=0

Lost to folow-up

Sociodemographic Characteristics

The mean age of participants was 49.2 + 15.4
years (range: 23-75), with the 50-59-year age group
representing the largest proportion (33.3%), followed by
60-69 years (20.7%). Males predominated (61.3%),
giving a male-to-female ratio of 1.58:1. Most had tertiary
education (44.6%), while 26.7% had no formal

education. Kanuri ethnicity was the most common
(32.0%), followed by Babur (15.3%), Marghi (18.0%),
Hausa/Fulani (11.3%), and Shuwa (6%); Yoruba and
Igbo each constituted 6%, with other minority tribes
making up 20%. Most participants were married
(74.7%), while 12% were widowed, 10.7% single, and
2% separated. (Table 1)

Table 1: Socio-demographic Characteristics of Study Participants

Variable Number of subjects (%) | Mean age = SD (years)
Sex

Male 92(61.3) 55.5+10.7
Female 58 (38.7) 455+133
Age Group (years)

18-29 9(6.0)

30-39 22 (14.7)

40-49 27 (18.0)

50-59 50(33.3)

60-69 31(20.7)

70-79 11(7.3)

Marital Status

Single 16 (10.7)

Married 112 (74.7)

Separated/Divorced | 3 (2.0)

Widowed 19 (12.7)

Ethnicity

Kanuri 48 (32.0)
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Babur 23(15.3)

Marghi 18 (12.0)

Shuwa 9(6.0)

Hausa/Fulani 17(11.3)

Igbo 6 (4.0)

Yoruba 6 (4.0)

Others 20 (13.3)

Educational Status

None 40 (26.7)

Secondary 22(14.7)

Tertiary 67(44.6)

Islamic 21 (14.0)

INCIDENCE and/or > 25% at the baseline value at 48 and 72 hours
The incidnece of CIN was found to be 30% (45 post contrast (Table 2)

subjects) based on rise in serum creatinine by 44.2pmol/l

Table 2: Incidenceof CIN

Criteria (rise in serum creatinine | Normal n(%) | Number of study subjects with CIN n(%)
from baseline)

>44.2 (umol/48hrs) 128(85.3) 22(14.7)

>44.2 (umol/72hrs) 122(81.3) 28(18.7)

> 25% (pmol/48hrs) 118(78.7) 32(21.3)

> 25% (umol/72hrs) 111(74.0) 39(26.0)

44.2umol/l and >25% 105(70.0) 45(30.0)

Abbreviations: CIN (contrast-induced nephropathy)

Prevalence

= CIN = NO CIN

Pie Chart showing incidence of CIN based on serum creatinine rise at 48 and 72 hours

Predictors advancing age (p=0.019), high volume of contrast
The predictors for the development of CIN after (p=0.001), high creatinine at baseline (p=0.006), and low
exposure to Contrast media included the following: eGFR at baseline (p=0.003) (Table 3)
Table 3: Predictors of CIN
Predictors P Value | OR CI (95%)
Advancing Age 0.009 1.346 | 1.006 —2.990

High Volume of contrast 0.001 2.037 | 1.015-9.060
High Creatinine at baseline | 0.006 1.601 | 1.043 -6.010
Low eGFR at baseline 0.003 1.767 | 1.510—7.980
Cystatin C at baseline 0.002 1.052 | 1.012-1.053

Abbreviations: OR (odds ratio), eGFR (estimated glomerular filtration rate), CI (confidence interval)

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India | 815 |




Umar Loskurima ez al., SAS J Med, Aug, 2025; 11(8): 812-819

Short term outcomes

Forty-five subjects developed CIN after
exposure to CM. Of these, 33 had serum creatinine value
return to baseline, 6 subjects had non recovery of renal
function, two subjects were on haemodialysis. Four
subjects were lost to follow up.

At three months post exposure to ICAs, one
subject was still having twice weekly haemodialysis, five
out of the six subjects (who had non-renal recovery at 2
weeks post-contrast) had their serum creatinine return to
baseline. Two of the subjects had persistent renal non-
recovery but had not commenced renal replacement

therapy. (Table 4,5)

Table 4: Outcome 2 weeks post-CIN

Category of outcome | Number of subjects (%)
Renal recovery 33(73.3)

Non-recovery 6(13.3)

Renal replacement 2(4.6)

Lost to follow-up 4(8.8)

Death 0(0.0)

Total 45(100)

Abbreviation: CIN (contrast induced nephropathy)

Table 5: Outcome Three Months Post-CIN

Category of outcome | Number of subjects(%)
Renal recovery 38(84.4)

Non-recovery 2(4.4)

Renal replacement 1(2.2)

Lost to follow up 4(8.8)

Death 0(0.0)

Total 45(100)

Abbreviation: CIN (contrast induced nephropathy)

DISCUSSION

This study demonstrates that the prevalence of
contrast-induced nephropathy (CIN) in our setting is
considerably higher than many earlier global reports.
Depending on the definition applied, the prevalence
ranged from 14.7% to 26.0% when assessed using either
an absolute rise in serum creatinine of 44.2 umol/L (0.5
mg/dL) or a >25% increase from baseline, with cystatin
C yielding even higher frequencies. When both criteria
were combined, the overall prevalence reached 30%, a
finding comparable to that reported by Okoye et al., [6].
in Nigeria. The higher prevalence observed in this study
compared to those of Richal et al., [47], Mueller [48] et
al., and Barrett et al., [49], may partly be due to the
absence of routine pre- and post-procedure prophylactic
interventions such as vasodilators, hydration protocols,
and nephroprotective agents, which are more commonly
implemented in high-resource settings. Additionally, it is
possible that Black African populations may have a
higher inherent susceptibility to CIN, as suggested by
similarities between our findings and those from other
African studies.

Our results further underscore the variability in
CIN incidence based on the definition employed. As has
been observed in other studies, stricter definitions such
as an absolute creatinine increase >0.5 mg/dL tend to
yield lower estimates, whereas relative increases (>25%)
and combined definitions produce higher prevalence
rates. These thresholds align with established criteria for
acute kidney injury such as the RIFLE classification.

In multivariate analysis, several variables
emerged as independent predictors of CIN. The most
significant was the volume of contrast administered,
followed by lower baseline estimated glomerular
filtration rate (eGFR), elevated baseline serum
creatinine, baseline cystatin C, and increasing age. These
findings mirror those of Okoye et al., [6], Evola ef al.,
[44], Banda et al., [54], and Kashif et al, [51], who
identified eGFR <60 mL/min/1.73 m?, older age, and
elevated baseline creatinine as consistent risk factors.
Our study reinforces the well-documented inverse
relationship between eGFR and CIN risk, as shown by
Sany et al., in diabetic cohorts and Kashif et al., in
patients undergoing cardiac catheterization.

At three months post-contrast, most patients
with CIN had regained baseline renal function; however,
a small proportion had persistent renal impairment and
one remained dialysis-dependent. This recovery rate is
lower than that reported by Shigidi et al., [55]. in Sudan,
where all affected patients recovered within days, likely
due to universal prophylaxis with sodium bicarbonate
and N-acetylcysteine and the discontinuation of
nephrotoxic medications. In contrast, our study
population predominantly outpatients in a resource-
limited setting did not routinely receive such preventive
measures.

The short-term renal outcomes in our cohort
were not predicted by any of the baseline variables
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assessed. This differs from findings by Wi et al., [56],
Kim et al, [45], and Banda et al, [54], who reported
higher mortality, greater dialysis requirements, or poorer
recovery among patients with advanced CKD, anaemia,
or hypertension. The lack of predictive power in our
cohort may be attributable to the relatively small sample
size for outcome analysis and the predominance of less
severely ill, ambulatory patients.

Interestingly, despite the high prevalence of
CIN, no deaths were recorded during the follow-up
period. This is in contrast to studies by Chong et al., [53]
and Banda er al, [54], which reported increased
mortality among patients developing CIN. The absence
of mortality in our study may be explained by differences
in patient selection, as most of our participants were
stable outpatients, whereas many of the comparator
studies involved hospitalized or critically ill patients.

Taken together, these findings suggest that CIN
is a significant and under-recognized problem in our
resource-limited setting. The high prevalence, coupled
with the identification of modifiable predictors such as
contrast volume, highlights the urgent need for
preventive strategies tailored to our context.
Interventions

CONCLUSION

This study reveals that contrast-induced
nephropathy (CIN) is a common and under-recognized
complication in our resource-limited setting, with
prevalence rates markedly higher than many earlier
global reports. The incidence varied with the definition
employed, underscoring the need for standardized
diagnostic criteria. Independent predictors identified—
particularly contrast volume, impaired baseline renal
function, and increasing age—align with established risk
factors reported globally and emphasize the importance
of careful patient selection and tailored preventive
strategies.

Although most affected patients achieved renal
recovery within three months, a subset developed
persistent impairment, and one remained dialysis-
dependent, highlighting the potential long-term
consequences. Unlike studies from high-resource
settings, the absence of routine prophylactic
interventions in our cohort may have contributed to both
the higher prevalence and delayed recovery.

The findings underscore the need to adopt
context-appropriate preventive measures, including
hydration protocols, minimization of contrast exposure,
and closer monitoring of high-risk patients. Larger,
prospective studies are warranted to further define the
burden of CIN in sub-Saharan Africa and to develop
cost-effective strategies to mitigate its impact.

REFERENCES

1. From AM, Bartholmai BJ, Williams AW, Cha SS,
McDonald FS. Mortality Associated With
Nephropathy  After  Radiographic ~ Contrast
Exposure. Mayo Clin Proc. 2008;83(10):1095-100

2. Katzberg RW.  Contrast medium-induced
nephrotoxicity: ~ which  pathway? Radiology.
2005;235(3):752-5.

3. Heyman SN, Rosen S, Khamaisi M, Idee J-M,
Rosenberger C. Reactive oxygen species and the
pathogenesis of radiocontrast-induced nephropathy.
Invest Radiol. 2010;45(4):188-95.

4. Stacul F, van der Molen AJ, Reimer P, Webb JAW,
Thomsen HS, Morcos SK, et al. Contrast induced
nephropathy: updated ESUR Contrast Media Safety
Committee guidelines. Eur Radiol.
2011;21(12):2527-41.

5. Thomsen HS, Morcos SK. Contrast media and the
kidney: European Society of Urogenital Radiology
(ESUR) guidelines. Br J Radiol. 2003;76(908):513—
8

6. Okoye O, Ojogwu L, Unuigbe E, Oviasu E.
Frequency and Risk Factors of Contrast-Induced
Nephropathy after Contrast Procedures in a Nigerian
Tertiary Centre. West Afr J Med. 2013;32(1):19-25.

7. Mehran R, Aymong ED, Nikolsky E, Lasic Z,
Iakovou I, Fahy M, et al. A simple risk score for
prediction of contrast-induced nephropathy after
percutaneous coronary intervention: development
and initial validation. J Am Coll Cardiol.
2004;44(7):1393-9.

8. Nash K, Hafeez A, Hou S. Hospital-acquired renal
insufficiency. Am J Kidney Dis. 2002;39(5):930—6.

9. Okoye O, Ojogwu L, Unuigbe E, Oviasu E.
Frequency and Risk Factors of Contrast-Induced
Nephropathy after Contrast Procedures in a Nigerian
Tertiary Centre. West Afr J Med. 2013;32(1):19-25.

10. Kwasa E A, Vinayak S AR. The role of
inflammation in contrast-induced nephropathy. Br J
Radiol. 2014;87:2013073:1-5.

11. Katzberg RW. Contrast medium-induced
nephrotoxicity:  which  pathway? Radiology.
2005;235(3):752-5.

12. Rahman M, Shad F, Smith. MC. Acute Kidney
Injury: A Guide to Diagnosis and Management. Am
Fam Physician. 2012;86(7):631-9.

13. Bosan IB, Ibrahim A, Oguche SM, Tuko MT,
Mujitaba MA. Characteristics of Acute Kidney
Injury in Adult Patients in Ahmadu Bello University
Teaching Hospital Zaria. J Curr Res Sci med.
2016;2(2):102-108.

14. Nusca A, Miglionico M, Proscia C, Ragni L,
Carassiti M, Pepe FL, et al. Early prediction of
contrast-induced acute kidney injury by a " bedside
" assessment of Neutrophil Gelatinase-Associated
Lipocalin during elective percutaneous coronary
interventions. 2018;13(5):1-12.

15. Bartholomew BA, Harjai KJ, Dukkipati S, Boura
JA, Yerkey MW, Glazier S, et al. Impact of
nephropathy  after  percutaneous  coronary

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India

[ 817 |




Umar Loskurima ez al., SAS J Med, Aug, 2025; 11(8): 812-819

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

intervention and a method for risk stratification. Am
J Cardiol. 2004;93(12):1515-9.

Marenzi G, Lauri G, Assanelli E, Campodonico J,
De Metrio M, Marana I, Grazi M, Veglia FB.

Contrast-Induced  Nephropathy in  Patients
Undergoing Primary Angioplasty for Acute
Myocardial Infarction. J Am Coll Cardiol.

2004;44(9):1780-5.

Mitchell AM, Jones AE, Tumlin JA, Kline JA.
Incidence of contrast-induced nephropathy after
contrast-enhanced computed tomography in the
outpatient setting. Clin J Am Soc Nephrol.
2010;5(1):4-9.

Kragha KO. The Incidence of Contrast-Induced
Nephropathy or Radiocontrast Nephropathy.
Internet J Radiol. 2014;18(1):1-6.

Selistre LS, de Souza VC, Dubourg L, Wagner MB,
Hoefel Filho JR, Saitovitch D. Contrast-induced
nephropathy after computed tomography. J Bras
Nefrol. 2015;37(1):27-31

Lacquaniti A, Buemi F, Giardina C, Mure G, Baldari
S. Can Neutrophil Gelatinase — associated Lipocalin
Help Depict Early Contrast Material — induced.
Radiology. 2013;267(1):86-93

McCullough P, Adam A, Becker C, et al. Risk
prediction of contrast induced nephropathy. Am J
Cardiol. 2006;98(suppl):27K—36K

Stacul F, van der Molen AJ, Reimer P, Webb JAW,
Thomsen HS, Morcos SK, et al. Contrast induced
nephropathy: updated ESUR Contrast Media Safety
Committee guidelines. Eur Radiol.
2011;21(12):2527-41.

Materials C. What are contrast materials and how do
they work ? 2018;1-9. [cited on May 26, 2019]
Available from:
https://www.radiologyinfo.org/en/pdf/safety-
contrast.pdf

Mehta RL, Kellum JA, Shah S V., Molitoris BA,
Ronco C, Warnock DG, et al. Acute Kidney Injury
Network: report of an initiative to improve outcomes
in acute kidney injury. Crit Care. 2007;11(2):R31.
R. Solomon, C. Werner, D Mann, J. D Elia, P. silva
Effects of saline, mannitol, and furosemide to
prevent acute decreases in renal function induced by
contrast agents. N Engl J Med 2004; 331:1416-1420.
Arakawa K, Suzuki H, Naitoh M, Matsumoto A,
Hayashi K, Matsuda H, et al. Role of adenosine in
the renal responses to contrast medium. Kidney Int.
1996;49(5):1199-206.

Solomon R, Dauerman HL. Contrast-induced acute
kidney injury. Circulation. 2010;122(23):2451-5.
Meinel FG, De Cecco CN, Schoepf UJ, Katzberg R.
Contrast-Induced Acute Kidney Injury: Definition,
Epidemiology, and Outcome. Biomed Res Int.
2014;2014:1-6.

Xu Q, Wang N-N, Duan S-B, Liu N, Lei R, Cheng
W, et al. Serum cystatin ¢ is not superior to serum

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

angiography. J Clin Lab Anal [Internet].
2016;31(5):€22096.

Heyman SN, Rosen S, Rosenberger C. Renal
parenchymal hypoxia, hypoxia adaptation, and the
pathogenesis of radiocontrast nephropathy. Clin J
Am Soc Nephrol. 2008;3(1):288-96

Goldenberg I, Matetzky S. Nephropathy induced by
contrast media: Pathogenesis, risk factors and
preventive strategies. CMAJ. 2005;172(11):1461—
71.

Rear R, Bell RM, Hausenloy DJ. Contrast-induced
nephropathy following angiography and cardiac
interventions. Heart [Internet]. 2016;102(8):638—438.
R. Solomon, C. Werner, D Mann, J. D Elia, P. silva
Effects of saline, mannitol, and furosemide to
prevent acute decreases in renal function induced by
contrast agents. N Engl J Med 2004; 331:1416-1420.
Goergen SK, Rumbold G, Compton G, Harris C.
systematic review of current guidelines, and their
evidence base, on risk of lactic acidosis after
administration of contrast medium for patients
receiving metformin. Radiology 2010;254(1):261-
269.

Pannu N, Wiebe N, Marcello T. Prophylaxis
strategies for contrast-induced nephropathy. JAMA.
2006; 295:2765-2779.

Bosan IB, Ibrahim A, Oguche SM, Tuko MT,
Mujitaba MA. Characteristics of Acute Kidney
Injury in Adult Patients in Ahmadu Bello University
Teaching Hospital Zaria. J Curr Res Sci med.
2016;2(2):102-108.

Bhatt S, Rajpal N, Rathi V, Avasthi R. Contrast
Induced Nephropathy with Intravenous lodinated
Contrast Media in Routine Diagnostic Imaging : An
Initial Experience in a Tertiary Care Hospital.
Radiol Res Pract.2016:1-10.

Basile DP. the endothelial cell ischaemic acute
kidney injury: implications for acute and chronic
functions. Kidney Int.72: 151-156

Brar SS, Shen AY, Jorgensen MB et al. Sodium
bicarbonate versus sodium chloride for prevention
of contrast induced nephropathy in patients
undergoing coronary angiography: a randomised
controlled trial. JAMA.2008; 300:1038-1046.
James MT, Ghali WA, Tonelli M, et al. Acute
kidney injury following coronary angiography
is associated with long term decline in kidney
function. Kidney Int 2010; 78:803-809.

Hossain MA, Costanzo E, Cosentino J, Patel C,
Qaisar H, Singh V, Khan T, Cheng JS, Asif A,
Vachharajani TJ. Contrast-induced nephropathy:
Pathophysiology, risk factors, and prevention. Saudi
J Kidney Dis Transpl2018;29:1-9.

Rehal CS, Textor SC, Grill DE, Berger PB, Ting
HH, Best PJ, Singh M, Bell MR, Barsness GW,
Mathew V, Garratt KN, Holmes DR Jr: Incidence
and prognostic importance of acute renal failure

creatinine for early diagnosis of contrast-induced after  percutaneous  coronary  intervention.
nephropathy in  patients who  underwent Circulation 2002; 105: 2259 2264,
| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India | 818 |




Umar Loskurima ez al., SAS J Med, Aug, 2025; 11(8): 812-819

43.

44,

45.

46.

47.

48.

49.

50.

Gruberg L, Mintz GS, Mehran R, Gangas G, Lansky
Al, Kent KM, Pichard AD, Satler LF, Leon MB:
The prognostic implications of further renal function
deterioration within 48 h of interventional coronary
procedures in patients with pre-existent chronic
renal insufficiency. J Am Coll Cardiol 2000; 36:
1542-1548

Evola S, Lunetta M, MacAione F, Fonte G, Milana
G, Corrado E, et al. Risk factors for contrast induced
nephropathy: A study among italian patients. Indian
Heart J 2012; 64(5):484-91.

Kato K, Sato N, Yamamoto T, Iwasaki Y-k, Tanaka
K, Mizuno K. Valuable markers for contrast-
induced nephropathy in patients undergoing cardiac
catheterization. Circulation. 2008; 72(9):1499-
1505.

Briguori C, Visconti G, Rivera NV, et al. Cystatin C
and contrast-induced acute kidney injury.
Circulation. 2010; 121(19):2117-2122.

Richal CS, Textor SC, Grill DE, Berger PB, Ting
HH, et al. Incidence and prognostic importance of
acute renal failure after percutaneous coronary
intervention. Circulation 2002; 105:2259-64
Mueller C, Seidensticker P, Buettner HJ,
Perruchoud AP, Staub Det al. Incidence of contrast
nephropathy in patients receiving comprehensive
intravenous and oral volume supplementation.Swiss
Med Wkly 2005; 135:286-29

Barret BJ, Parfrey PS, Vavasour HM, McDonald J,
Kent. G et al. Contrast nephropathy in patients with
impaired renal function Indian Heart J 2012;
64(5):484-91.

Sany D, Refaat H, Elshahawy Y, Mohab A, Ezzat H.
Frequency and risk factors of contrast-induced

51.

52.

53.

54.

55.

56.

nephropathy after cardiac catheterization in type 11
diabetic patients : a study among Egyptian patients.
Ren Fail. 2014; 36(2):1907.

Kashif W, Khawaja A, Yaqub S, Hussain SA.
Clinically significant contrast induced acute kidney
injury after non-emergent cardiac catheterization -
risk factors and impact on length of hospital stay. J
Coll Physicians Surg Pak 2013; 23(12):842—7
Shema L, Ore L, Geron R, Kristal B. Contrast-
induced nephropathy among Israeli hospitalized
patients: Incidence, risk factors, length of stay and
mortality. Isr Med Assoc J. 2009;11(8):460—4.
Chong E, Poh KK, Liang S, Tan HC. Risk factors
and clinical outcomes for contrast-induced
nephropathy after percutaneous coronary Indian
Heart J 2012; 64(5):484-91.

Banda J, Duarte R, Dickens C, Dix-Peek T, Muteba
M. Risk factors and outcomes of contrast-induced
nephropathy in hospitalised South Africans.
2016;106(7):699-703.

Shigidi MMT, Ahmed AT, Suliman AA TE.
Original Article Iodinated contrast induced acute
kidney injury following coronary angiography in Al
Shaab Hospital , Khartoum: a prospective short
term study. Sudan Med J 2014;50(2):67-74.

Wi J, Ko Y-G, Kim J-S, Kim B-K, Choi D, Ha J-W,
et al. Impact of contrast-induced acute kidney injury
with transient or persistent renal dysfunction on
long-term outcomes of patients with acute
myocardial infarction undergoing percutaneous
coronary intervention. Heart 2011; 97(21):1753-
1757.

| © 2025 SAS Journal of Medicine | Published by SAS Publishers, India




