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Abstract
BACKGROUND
Contrast-induced nephropathy (CIN) is a reversible form of acute kidney injury that occurs within 48-72 h of exposure to intravascular contrast material. CIN is the third leading cause of hospital-acquired acute kidney injury and accounts for 12% of such cases. Risk factors for CIN development can be divided into patient- and procedure-related. The former includes pre-existing chronic renal insufficiency and diabetes mellitus. The latter includes high contrast volume and repeated exposure over 72 h. The incidence of CIN is relatively low (up to 5%) in patients with intact renal function. However, in patients with known chronic renal insufficiency, the incidence can reach up to 27%.

AIM
To examine the association between renal enhancement pattern on non-contrast enhanced computed tomographic (CT) images obtained immediately following hepatic artery embolization with development of CIN.

METHODS
Retrospective review of all patients who underwent hepatic artery embolization between 01/2010 and 01/2011 (n = 162) was performed. Patients without intraprocedural CT imaging (n = 51), combined embolization/ablation (n = 6) and those with chronic kidney disease (n = 21) were excluded. The study group comprised of 84 patients with 106 procedures. CIN was defined as 25% increase above baseline serum creatinine or absolute increase ≥ 0.5 mg/dL within 72 h post-embolization. Post-embolization CT was reviewed for renal enhancement patterns and presence of renal artery calcifications. The association between non-contrast CT findings and CIN development was examined by Fisher’s Exact Test.

RESULTS
CIN occurred in 11/106 (10.3%) procedures (Group A, n = 10). The renal enhancement pattern in patients who did not experience CIN (Group B, n = 74 with 95/106 procedures) was late excretory in 93/95 (98%) and early excretory (EE) in 2/95 (2%). However, in Group A, there was a significantly higher rate of EE pattern (6/11, 55%) compared to late excretory pattern (5/11) (P < 0.001). A significantly higher percentage of patients that developed CIN had renal artery calcifications (6/11 vs 20/95, 55% vs 21%, P = 0.02).

CONCLUSION
A hyperdense renal parenchyma relative to surrounding skeletal muscle (EE pattern) and presence of renal artery calcifications on immediate post-HAE non-contrast CT images in patients with low risk for CIN are independently associated with CIN development. 
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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Core Tip: Contrast-induced nephropathy (CIN) is a reversible form of acute kidney injury that occurs within 48-72 h of exposure to intravascular contrast material. CIN is the third leading cause of hospital-acquired acute kidney injury and accounts for 12% of such cases. Identification of early indicators of CIN development is important in taking timely management strategies. There is no known mechanism for early identification and timely initiation of preventive measures in patients otherwise considered low risk for development of CIN after transarterial hepatic artery embolization. This work helps clinicians identify patients at risk of CIN at the time of hepatic artery embolization.

INTRODUCTION
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Contrast-induced nephropathy (CIN) is a reversible form of acute kidney injury (AKI) that occurs within 48-72 h of exposure to intravascular contrast material[1]. The most widely accepted definition of CIN is a 25% increase in serum creatinine (sCr) concentration from baseline sCr, or an absolute increase of at least 0.5 mg/dL which appears within 48-72 h after contrast media exposure, is maintained for 3-5 d and returns to baseline over 7-10 d, after excluding other causes[2,3]. 
CIN is the third leading cause of hospital-acquired AKI and accounts for 12% of such cases[4]. Risk factors for CIN development can be divided into patient- and procedure-related. The former includes pre-existing chronic renal insufficiency and diabetes mellitus. The latter includes high contrast volume and repeated exposure over 72 h[4-7]. The incidence of CIN is relatively low (up to 5%) in patients with intact renal function[8]. However, in patients with known chronic renal insufficiency, the incidence can reach up to 27%[8]. CIN more commonly develops following intraarterial contrast exposure (e.g., diagnostic arteriograms, coronary interventions, transarterial therapies) than with peripheral intravenous administration (e.g., computed tomography)[9,10]. Although the acute decline of renal function in CIN is reversible within 1-2 wk, a higher 1-mo and 1-year mortality rates have been reported in those patients, particularly following arterial angiography[11,12]. 
Identification of early indicators of CIN development is important in taking timely management strategies. The elevation in sCr occurs 2-3 d following contrast exposure, and is a poorly-timed indicator[13,14]. Persistent renal enhancement after intravenous or intraarterial contrast administration on non-contrast enhanced computed tomographic (CT) images obtained within 7 d post-contrast exposure has been associated with development of CIN[15]. There is no known mechanism for early identification and timely initiation of preventive measures in patients otherwise considered low risk for development of CIN after transarterial hepatic artery embolization[16-18].
When available, a non-contrast CT or cone beam CT imaging of upper abdomen is routinely performed at the end of hepatic artery embolization (HAE) to assess contrast retention pattern in embolized tumors as a surrogate for treatment response[19-21]. This volume of imaging also covers the kidneys. The aim of this study is to identify early predictors for CIN by examining the appearance of kidneys on non-contrast intraprocedural CT images. 

MATERIALS AND METHODS
Patient selection
The local Institutional Review Board approved this retrospective review (Protocol 16-402) of all patients who underwent HAE between January 2010 and January 2011. Informed consent from individual patients for the retrospective review was waived.
For the hepatic artery embolization procedure for treatment of primary or secondary hepatic malignancies, all patients were chosen based on multidisciplinary consensus and were seen in a dedicated outpatient interventional radiology clinic, where history, laboratory tests and imaging were reviewed. Eligibility for transarterial HAE was based on clinical status and laboratory test results (Child-Pugh A or B, Total serum bilirubin < 2 mg/dL, Eastern Coorpative Oncology Group performance status < 3). The type of embolization (bland vs chemoembolization) was based on multidisciplinary consensus. Informed consent was obtained for HAE from all patients prior to the procedure. 

Inclusion and exclusion criteria
All patients who underwent HAE for treatment of primary or secondary hepatic malignancies within the defined time period were included in the study (n = 162). A total of 217 procedures were performed. Based on the procedure suite, post-embolization non-contrast CT images were available in 139/217 (64%) procedures. Patients with known chronic kidney disease (CKD) stage 3 or higher [GFR < 60 mL/min/1.72 m2 using the CKD-EPI formula] were excluded (n = 21) since they are typically admitted for IV fluid hydration prior to the procedure and are at high risk for CIN. Patients who underwent percutaneous ablation in combination to embolization were excluded due to delay in post embolization non-contrast CT acquisition (n = 6). A total of 84 patients (106 procedures) were included in the final analysis (Figure 1).

Data collection
Patient electronic records were reviewed for age, gender, ethnicity, type of liver malignancy, presence and etiology of cirrhosis, presence of medical comorbidities related to chronic kidney disease (diabetes mellitus, hypertension, coronary artery disease, prior history of contrast allergies, and number of embolization procedures performed. Laboratory test results were reviewed for sCr prior to embolization, and post-embolization peak sCr in the first 72 h following embolization. Procedural details including type of embolization (bland vs chemoembolization), total contrast volume administered, and total procedure duration (defined by total sedation or anesthesia time) were recorded. CIN was defined as 25% increase in sCr above baseline or an absolute increase of ≥ 0.5 mg/dL in sCr within 72 h of embolization. Patients were divided into two groups based on the change in post-embolization sCr: Group A developed CIN and Group B did not develop CIN. Immediate post-embolization non-contrast CT images was reviewed for renal enhancement pattern and presence of renal artery calcifications. All data was compiled in a Health Insurance Portability and Accountability Act-compliant database. 
Patient demographics are recorded in Table 1. A total of 84 patients (53 males, 31 females; mean age 63 years, range: 29-87 years) with 106 procedures were included in the final analysis. 

Hepatic artery embolization and CT acquisition
Pre-procedural imaging was reviewed prior to the procedure. General endotracheal anesthesia (n = 85) or conscious sedation (n = 21) were used. Patients were prepped and draped in a standard sterile fashion. Following ultrasound (US)-guided common femoral artery access and utilizing Seldinger technique, a 5 French guide catheter was advanced through a 6 French vascular sheath into the origin of the celiac axis or superior mesenteric artery. Angiograms were obtained using Iohexol (Omnipaque 300; GE Healthcare, Marlborough, MA, United States). A 2.4-2.8 French microcatheter was advanced over a micro guidewire co-axially through the guide catheter for superselective catherization of target branches based on angiographic findings and predetermined area of treatment. Treatment was done with either Embospheres (Merit Medical, South Jordan, UT, United States), Embozene (Boston Scientific, Burlington, MA, United States) and Poly-Vinyl Alcohol particles under continuous angiographic monitoring until complete arterial stasis was achieved. Hemostasis was obtained with a femoral closure device. All patients underwent bland HAE with an average procedural duration of 111.8 min, and average total administered contrast volume of 174.3 mL (average, median, range; Group A: 155, 152.5, 50-320 mL. Group B: 161, 150, 58-350 mL). Post-embolization non-contrast CT was obtained immediately after achieving hemostasis (10-20 min after embolization completion) in all study patients. Patients were transferred to the post-anesthesia care unit and were subsequently admitted for symptomatic management of post-embolization syndrome. 

Non-contrast CT analysis
The assessment of renal enhancement pattern and presence of renal artery calcifications was performed by two independent readers. In the case of disagreement, a third reader was involved to assess the CT findings. Regions-of-interest were drawn on the renal cortex, medulla and pelvis to accurately determine the phase or pattern of renal enhancement and categorize them based on predetermined thresholds as either: corticomedullary, nephrographic, early excretory (EE) or late excretory (LE) (Figures 2 and 3)[22,23]. Corticomedullary pattern occurs 25-80 s after contrast injection and is defined by intense enhancement of the renal cortex relative to the renal medulla, with a difference in Hounsfield units (HU) approaching 100 HU. Nephrographic pattern occurs 85-120 s after contrast injection and is defined by homogenous enhancement of the renal parenchyma (cortex and medulla) with HU range of 120-170. The excretory patterns occur 3-5 min after contrast injection. EE pattern is defined by the opacification of the renal calyces/pelvis, with hyperdense renal parenchyma relative to surrounding skeletal muscle. LE pattern is defined by a renal parenchyma iso-dense to skeletal muscle, with contrast fully opacifying the renal pelvis and ureter. Due to timing of post HAE intraprocedural CT imaging (10-20 min after completion of embolization), the corticomedullary and nephrographic patterns were not seen in our patient cohort. Renal enhancement pattern was divided into only 2 later patterns of EE or LE. Any discernible plaque along the renal arteries with more than 130 Hounsfield units were considered calcifications (Figure 4) 

Statistical analysis
Descriptive statistics (mean, standard deviation) were used to describe the patient demographics and procedural details. Continuous data are reported as the mean value ± SD. A Mann-Whitney U Test was performed to examine difference in baseline serum creatinine, and total contrast volume and procedure duration between the two patient groups. A Fisher’s Exact Test was utilized to compare the prevalence of diabetes mellitus amongst the two patient groups. The association between renal enhancement pattern, presence of renal artery calcifications and the development of CIN (Group A vs B) were analyzed by Chi-Square test of Independence. P value 0.05 was considered to indicate statistical significance. All analyses were performed with SPSS statistical software version 12.0 (SPSS, Inc., Chicago, IL, United States).

RESULTS
There was no significant difference between the baseline sCr (P = 0.46), total contrast volume administered (P = 0.61), total procedure duration (P = 0.25), or prevalence of diabetes mellitus (P = 0.38) amongst the two groups. 
The renal enhancement patterns are recorded in Table 2. In patients who did not experience CIN (Group B, n = 74 with 95 procedures) the renal enhancement pattern was late excretory in 93/95 procedures (98%) and early excretory in 2/95 procedures (2%). CIN occurred following 11/106 (11.2%) procedures in 10 distinct patients (Group A). In this group, there was a significantly higher rate of early excretory renal enhancement (6/11 procedures, 55%) compared to late excretory pattern (5/11 procedures, 45%) (P < 0.001). Renal artery calcifications were detected in 26 post-embolization non-contrast CT scans. A significantly higher percentage of patients that developed CIN had detectable renal artery calcifications (6/11 vs 20/95, 55% vs 21% respectively, P = 0.01).
Patients in Group A were hospitalized for a median of 4 d post-embolization (IQR: 3-10 d). Peak sCr was reached in a median of 2 d post-embolization (IQR: 1-2.5 d). Those who stayed in the hospital for 2 d or longer (n = 9) demonstrated complete normalization of sCr prior to discharge. No patient required hemodialysis or hemofiltration. One patient required a nephrology consultation due to oliguria despite Foley catheter placement. 

DISCUSSION
The findings of this study suggest an association between the renal enhancement pattern on the immediate post-HAE non-contrast enhanced CT imaging and the development of CIN in low-risk patients. It also suggests an association between renal artery calcifications and development of CIN.
The cornerstone of CIN management is prevention. Risk stratification, IV fluid administration and avoidance of nephrotoxic medications are all essential in prevention[24]. Randomized clinical trials have consistently shown the efficacy of IV fluid hydration in the prevention of CIN in high-risk patient populations[25-28]. All investigated fluid regimens included a pre-procedural component and a post-procedural component (e.g., IV 0.9% normal saline 12 h pre-HAE and 12- h post-HAE). The consensus is that both components contribute to volume expansion and prevention of CIN development[24]. No head-to-head study was performed investigating the efficacy of pre-procedural hydration compared to post-procedural hydration. 
High-risk patients are followed by nephrologists in the outpatient setting, are typically admitted the day before an interventional procedure for IV fluid administration and are followed by nephrologists during their admission and after discharge. Conversely, low-risk patients typically arrive on the day of the procedure and no special renal protective precautions are taken. 
Currently there is no mechanism for early identification and timely initiation of preventive measures for patients who do not have risk factors for development of CIN after transarterial hepatic artery embolization[16-18]. In this study, we propose that risk stratification could be initiated within the interventional radiology procedure room. The proposed method is simple with no need for any calculations or image processing. If in a patient low risk for development of CIN, the renal parenchyma is hyperdense compared to adjacent skeletal muscle at the end of hepatic artery embolization, preventive measures should be initiated immediately. In this group of low-risk patients with no history of CKD, CIN or contrast-allergies, an early excretory pattern on the post-embolization CT imaging was associated with the development of CIN. In addition, the presence of renal artery calcifications was found to be independently associated with CIN development. This is in agreement with prior studies showing the association of renal artery calcification with renal function[29,30]. Renal artery calcification can be identified prior to embolization intervention by reviewing CT scan of abdomen. These patients should be treated like those at risk for CIN with pre and post procedural hydration. For those patients stratified based on immediate post procedural CT imaging renal enhancement patterns, a nephrology consultation should be initiated, along with rapid initiation of IV fluid hydration to prevent CIN development. These patients should also be marked for preventive measures for their future angiographic interventions. 
This study has several limitations. Inherent to its retrospective design and small sample size, extensive multivariable logistic regression and analysis of potential confounders are limited. The method used to determine renal enhancement patterns is not free of subjectivity despite utilization of multiple readers. Furthermore, the exact timing of non-contrast CT acquisition was variable and could be a potential confounder.
Larger, prospective studies should be conducted with standardized post-HAE CT acquisition timing to investigate this association. 
Hyperdense renal parenchyma relative to surrounding skeletal muscle (Early excretory renal enhancement pattern) on immediate post HAE non-contrast CT images and also the presence of renal artery calcification are associated with the development of CIN. 

CONCLUSION
Hyperdense renal parenchyma relative to surrounding skeletal muscle (Early excretory renal enhancement pattern) on immediate post HAE non-contrast CT images and also the presence of renal artery calcification are associated with the development of CIN. 

ARTICLE HIGHLIGHTS
Research background
Contrast-induced nephropathy (CIN) is a reversible form of acute kidney injury that occurs within 48-72 h of exposure to intravascular contrast material. A higher 1-mo and 1-year mortality rates have been reported in these patients, particularly following arterial angiography.

Research motivation
The cornerstone of CIN management is prevention.

Research objectives
To help with early identification and timely initiation of preventive measures in patients otherwise considered low risk for development of CIN after transarterial hepatic artery embolization.

Research methods
Retrospective review of all patients who underwent hepatic artery embolization between 2010 and 2011 (n = 162) was performed. After removing exclusions, the study group comprised of 84 patients with 106 procedures. CIN was defined as 25% increase above baseline serum creatinine or absolute increase ≥ 0.5 mg/dL within 72 h post-embolization. Post-embolization computed tomographic (CT) was reviewed for renal enhancement patterns and presence of renal artery calcifications. The association between non-contrast CT findings and CIN development was examined by Fisher’s Exact Test.

Research results
CIN occurred in 11/106 (10.3%) procedures (Group A, n = 10). The renal enhancement pattern in patients who did not experience CIN (Group B, n = 74 with 95/106 procedures) was late excretory in 93/95 (98%) and early excretory (EE) in 2/95 (2%). However, in Group A, there was a significantly higher rate of EE pattern (6/11, 55%) compared to late excretory pattern (5/11) (P < 0.001). A significantly higher percentage of patients that developed CIN had renal artery calcifications (6/11 vs 20/95, 55% vs 21%, P = 0.02).

Research conclusions
A hyperdense renal parenchyma relative to surrounding skeletal muscle (EE pattern) and presence of renal artery calcifications on immediate post-HAE non-contrast CT images in patients with low risk for CIN are independently associated with CIN development. 

Research perspectives
Prospective studies are required to further assess the findings of this study. 
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Figure 1 Flow chart of study. CT: Computed tomography.
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Figure 2 Example of Regions-of-interest drawn on the post-embolization non-contrast enhanced computed tomographic to determine the phase of renal enhancement. ROI 1 measures the Hounsfield units (HU) of the renal cortex. ROI 2 measures the HU of the renal medulla. ROI 3 measures the HU of the renal pelvis. ROI 4 measures the HU of surrounding skeletal muscle. In this example, the renal enhancement phase is late excretory.
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Figure 3 Computed tomographic. A: Immediate post-embolization non-contrast computed tomographic demonstrating homogenous renal parenchymal enhancement (renal cortex and medulla) with Hounsfield units of 172 and incomplete opacification of renal collecting system, consistent with Early Excretory renal enhancement phase. Hyper enhancement of renal parenchyma compared to adjacent paraspinal skeletal muscle is evident; B: Immediate post-embolization non-contrast computed tomographic demonstrating complete opacification of the renal collecting system with renal parenchyma iso-dense to surrounding skeletal muscle, consistent with late excretory renal enhancement phase.
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Figure 4 Any discernible plaque along the renal arteries with more than 130 Hounsfield units were considered calcifications. Immediate post-embolization non-contrast computed tomographic demonstrating renal artery calcifications in the right (arrow) (A) and left (arrow) (B) renal arteries.


Table 1 Patient demographics and baseline characteristics (n = 84), patient demographics and baseline characteristics and comorbidities
	Clinical characteristics 
	Value

	Sex
	

	Male
	53

	Female
	31

	Age (Yr, average, range)
	63 (29-87)

	Ethnicity
	

	Caucasian
	62

	African American
	8

	Hispanic
	4

	Asian
	10

	Medical comorbidities
	

	Diabetes mellitus
	17

	CAD/HTN
	29

	Cirrhotic?
	

	Yes
	38

	No
	46

	Etiology of cirrhosis
	

	HCV
	16

	HBV
	6

	EtOH
	4

	NASH
	3

	Hemochromatosis
	1

	Unknown
	8

	Type of liver malignancy
	

	Primary
	

	HCC
	40

	Other
	5

	Secondary
	

	NET
	20

	GIST
	4

	Other
	15

	Number of treatments (n = 106)
	

	1
	66

	2
	14

	3
	4


CAD: Coronary artery disease; HTN: Hypertension; HCV: Hepatitis C virus; HBV: Hepatitis B virus; EtOH: Alcoholic cirrhosis; NASH: Non Alcoholic Steato Hepatitis; HCC: Hepatocellular carcinoma; NET: Neuroendocrine tumor; GIST: Gastrointestinal stromal tumor.

Table 2 Non-contrast computed tomographic findings and their association with contrast-induced nephropathy development
	Association between non-contrast CT findings and CIN (n = 106)

	Renal enhancement pattern
	Group A           (n = 11) (%)
	Group B            (n = 95) (%)
	P value

	Early excretory
	6 (55%)
	2 (2%)
	< 0.001

	Late excretory
	5 (45%)
	93 (98%)
	

	Renal artery calcifications
	Group A
	Group B
	 

	Yes
	6 (55%)
	20 (21%)
	0.01

	No
	5 (45%)
	75 (79%)
	


CT: Computed tomography; CIN: Contrast-induced nephropathy.
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