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Significant methodologic variations in calculating renal function changes following kidney tumor surgery: A quality reporting issue?
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Abstract
Renal tumor surgery places patients at increased risk for chronic kidney disease (CKD). Accurate quantification of kidney function changes before and after surgery is essential to determine the magnitude of decline attributable to an index procedure. Current literature, however, highlights heterogeneity and inconsistencies in measurement techniques thereby contributing to ambiguity amongst studies. Further efforts are necessary to standardize reporting of kidney function outcomes related to renal surgery.
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Core tip: Accurate assessment of renal function changes following kidney tumor surgery is essential for quantifying the degree of decline attributable to an index procedure. Current studies, however, demonstrate significant heterogeneity in the timing and calculated formulas used for determining kidney function changes. These variations in methodology significantly confound interpretations regarding the impact of surgical technique on global renal function. Standardization of the reporting process is essential to more accurately characterize and potentially modify aspects of surgical care that can benefit from improvement.
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INTRODUCTION
Studies indicate that kidney tumor surgeries including radical nephrectomy (RN), partial nephrectomy (PN), and radical nephroureterectomy (RNU) place patients at risk for declining renal function. For example, in 2006, Huang and colleagues demonstrated that patients undergoing RN for kidney tumors had a significantly increased risk of developing subsequent chronic kidney disease (CKD)[1]. Furthermore, these authors observed that this risk of CKD following nephrectomy in cancer patients is greater than that for donor nephrectomy and suggested that this may be attributable to baseline kidney dysfunction. Therefore, accurate and reproducible assessment of kidney function before and after kidney tumor surgery is essential to determine the magnitude of decline attributable to an index procedure. In this regard, we suspect that current reporting of kidney function changes following a surgical procedure may be heterogenous and inconsistent in the literature. To better investigate this issue, we reviewed the contemporary literature and evaluated the methodologies currently used and adequacy of reporting.

LITERATURE STUDY
The PubMed database was queried to identify studies that evaluated changes in renal function after RN, PN and RNU.  We included all articles that evaluated both pre- and post-operative renal function based on estimated glomerular filtration rate (eGFR) and serum creatinine concentration.  Data regarding the number of patients included in the study, the time frame for obtaining the pre- and postoperative serum creatinine levels, and the methodology for estimating renal function were collected.

RESULTS
Data collected from 99 articles were included in the analysis (Table 1). The mean number of patients included in these studies was 308, ranging from 7 to 2402.  In 100% of the studies, there was a single pre-operative creatinine serving as the baseline value, although 88% of the articles failed to specify the timing prior to surgery. Following surgery, 65% of studies reported multiple creatinine measurements at various time points while 17% failed to specify timing of collection. The Modification of Diet in Renal Disease (MDRD) (67%) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) (8%) equations were most commonly used for eGFR calculations. Nonetheless, 20% of studies used other methodologies including renal scintigraphy, Cockroft-Gault equation, Mayo Clinic Quadratic equation, or combinations of these different methods.  Five percent of studies did not calculate an eGFR and relied solely on serum creatinine values.

DISCUSSION
This analysis highlights that there exist significant methodological variations in calculating renal function related to kidney surgery in the contemporary literature.  In particular, there is poor reporting of timing of serum creatinine collections as well as variability in methods used to estimate renal function.  Serum creatinine concentration alone is a poor estimate of kidney function because it is affected by several factors including age, gender, ethnicity, muscle mass, creatinine secretion, and extrarenal excretion[2]. Furthermore, these factors can be affected by medications, hydration status, diet, certain disease states, and exercise[3]. Thus, there is a relatively wide range of normal serum creatinine levels as well as individual variability and these characteristics render it a poor predictor of early decline in renal function.  Moreover, there is concomitant loss of both renal function and muscle mass in the elderly, so serum creatinine level may give the impression of normal renal function when the GFR is in fact low[2]. Many patients undergoing surgery for renal tumors are generally older and accordingly are an especially poor population for using serum creatinine level alone for estimating renal function.
Kidney function is better approximated using the estimated GFR, which is determined using the serum creatinine concentration and several other variables such as age, gender, and race. The two equations used most commonly in the contemporary literature are the MDRD study equation and the CKD-EPI equation.  The MDRD study equation has been shown to be more accurate and precise than the Cockroft-Gault equation for those with a GFR less than approximately 90 mL/min per 1.73 m2.  However, there are questions about its validity for persons without renal disease, persons > 70 years old, and patients with serious comorbid conditions[1,4].  The CKD-EPI equation was developed to overcome some of the shortcomings of the MDRD equation and be more applicable to the general population.  It was found to be more accurate than the MDRD Study equation and have lower bias, especially in persons with an eGFR greater than 60 mL/min per 1.73 m2, thus reducing that rate of false-positive diagnoses of stage 3 CKD[5]. This was further highlighted by a study by Clark et al[6], where it was found that for patients with two functioning kidneys who underwent PN, the CKD-EPI equation provides slightly higher eGFRs compared to the MDRD equation at baseline and follow-up.  However, there was no significant difference between the two equations when calculating the percent change of eGFR pre- and post-operatively[6].
This study highlights the methodological variation in the contemporary literature for determining renal function related to kidney surgery.  The collection of serum creatinine levels was nonhomogeneous between studies, with variable numbers of measurements and poorly reported time frames.  Additionally, there is utilization of multiple methods for estimating renal function, further confounding interpretation of the data.  Such ambiguity amongst studies renders comparison of outcomes highly problematic.  Further investigation is warranted to better standardize the reporting of kidney function outcomes related to renal surgery.  
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Table 1 Data from the 99 studies in contemporary literature reporting renal function outcomes related to renal surgery n (%)
	No. Patients per study

	Mean
	308

	Range
	7-2402


	Preoperative serum Cr collection – months prior to surgery

	
	< 1 mo
	1-2 mo
	Unspecified

	Studies 
	11 (11)
	1 (1)
	87 (88)


	Postoperative serum Cr collection – months after surgery

	
	< 3 mo
	3-12 Mo
	> 12 mo
	Unspecified
	Multiple

	Studies 
	5 (5)
	9 (9)
	4 (4)
	17 (17)
	64 (65)


	Method for estimating renal function

	
	MDRD
	CKD-EPI
	Other
	None

	Studies
	66 (67)
	8 (8)
	20 (20)
	5 (5)



MDRD: Modification of Diet in Renal Disease; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration.
