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Abstract: Postoperative acute kidney injury (AKI) is a common and morbid complication after vascular surgery that may cause significant long-term decline in renal patients. Nearly 30% of patients sutain AKI after branched thoracoabdominal or paravisceral endovascular aortic aneurysm repair (TEVAR). TIMP-2 and IGFBP7 are G1 cell cycle arrest proteins that have been utilized as urinary biomarkers for detection of renal stress as early as 6-12 h after surgery, prior to elevation in serum creatinine. Although urinary TIMP-2 and IGFBP7 have demonstrated modest success in early prediction of AKI after cardiac surgery, their utility after aortic surgery is less clear. We are analyzing urinary [TIMP-2]*[IGFBP7] in an existing cohort of patients who underwent branched-graft TEVAR. We hypothesize that elevated urinary [TIMP-2]*[IGFBP7] is associated with postoperative AKI, and that urinary [TIMP-2]*[IGFBP7] improves prediction of early postop AKI when combined with clinical predictors.

Research Question: Does urinary [TIMP-2]*[IGFBP7] (NephroCheck) predict postoperative acute kidney injury (AKI) following branched-graft thoracoabdominal or paravisceral endovascular aortic aneurysm repair (TEVAR)? 

Specific Aims: The specific aim of this study is to determine in patients who undergo thoracoabdominal endovascular aortic aneurysm repair, who are at high risk of post-operative renal injury, whether assessment of a urinary biomarker ([TIMP-2]*[IGFBP7]) improves prediction of subsequent AKI.
Significance: Postoperative AKI is a common and morbid surgical complication, particularly in the vascular surgical population. Several preexisting cardiovascular comorbidities (hypertension, hyperlipidemia, diabetes, chronic kidney disease) and surgical factors (iodinated contrast exposure, renal artery occlusion) are highly represented in vascular surgical patients and confer a high risk of post-surgical AKI, which occurs in 28% of patients following fenestrated or branched endovascular aortic repair and is associated with significant long-term decline in renal function [1, 2]. 	Comment by Scott R Bauer: I like what you added but now it is a super long run-on sentence! Recommend splitting up.	Comment by Scott R Bauer: Ranges are preferable than maximum found in literature since there can be large outliers.
TIMP-2 and IGFBP7 are G1 cell cycle arrest proteins that have been utilized as urinary biomarkers for early detection of renal stress as early as 6-12 hours (h) after surgery, prior to elevation in serum creatinine [3-5], which lags behind true decline in glomerular filtration rate (GFR) and thus acts as a late marker of AKI [6]. Together, TIMP-2 and IGFBP7 are available as a cartridge-based, point-of-care (20 minute turn-around) immunoassay (NephroCheck) that is FDA-approved for early identification of patients at risk for AKI (up to 12 hours post-insult). Although urinary TIMP-2 and IGFBP7 have demonstrated modest success in early prediction of post-operative AKI in cardiac surgical populations [7, 8], their utility in patients following aortic surgery is less clear, particularly due to differences in surgical techniques and potential need for intraoperative contrast administration. Gombert et al. demonstrated in a prospective cohort study that urinary [TIMP-2]*[IGFBP7] measured upon ICU admission following open and endovascular thoracic aortic aneurysm (TAA) repair adequately predicted AKI requiring renal replacement therapy, with a sensitivity of 56% and specificity of 91% (AUC 0.694). However, Waskowski et al. reported no statistically significant differences in post-op urinary [TIMP-2]*[IGFBP7] among patients with or without AKI following abdominal aortic repair [9, 10]. Both studies looked at heterogeneous populations, including a combination of elective/emergent as well as open/endovascular approaches, which may account for differing performance of [TIMP-2]*[IGFBP7]. These urinary biomarkers, in conjunction with clinical risk factors, may better predict AKI in a patient population undergoing a more uniform surgical approach, such as branched-graft TEVAR. More importantly, identification of patients at highest risk for AKI after a perioperative insult may permit early renal protective interventions [11, 12] and potentially limit long term morbidity.	Comment by Scott R Bauer: Think the timing of when this prediction tool would be used should be more explicit throughout 	Comment by Wu, Chung-An: I think the intended timing window of the NephroCheck assay is addressed in the previous statement regarding early renal stress that occurs prior to GFR/Cr perturbations, but I’ve added some wording to clarify	Comment by Scott R Bauer: Agree but also I like what you added	Comment by Scott R Bauer: Why would we expect them to differ?	Comment by Scott R Bauer: Would give more details, if this is key prior literature then good to describe study design and cite actual effect sizes.	Comment by Scott R Bauer: Why?	Comment by Wu, Chung-An: My understanding is that if different surgical subpopulations act as effect modifiers on the ability of NephroCheck to predict post-op AKI, this may explain why prior studies have shown positive and negative results. With a more specific focus on a single population we should be able to better delinate the performance of the NephroCheck assay	Comment by Scott R Bauer: Okay that makes sense. Has anyone tested for those interactions in prior studies? Would strengthen your argument for focusing on them here (not necessary if not available)	Comment by Scott R Bauer: Can you list 1-2 examples? And if possible, some data to suggest that earlier interventions (post post-op since that’s when your prediction tool would be used) work better than later (e.g. once GFR changes)?
Methods: This study will be a retrospective cohort study evaluating the association between urinary [TIMP-2]*[IGFBP7] levels and post-operative AKI. Study patients were sampled from individuals undergoing TEVAR at UCSF Medical Center since May 2005 but specifically include only individuals that consented to urine sample biobanking (further details below). Retention strategies were less relevant for the initial recruitment since urine samples only needed to be collected preoperatively and immediately postoperatively, and clinical data on renal function would have been collected as part of routine postoperative care.
The parent study was approved by the local institutional review board and registered with ClinicalTrials.gov (NCT00483249). After informed consent, urine was collected from patients undergoing branched-graft TEVAR at three time points: start of surgery, end of surgery, and postoperative day (POD) 1. Clinical data were recorded as part of an ongoing registry. As the intention of this study is to detect patients who are at risk of developing AKI as a consequence of surgical intervention, rather than patients who already had AKI or already required dialysis, patients were excluded from urinary [TIMP-2]*[IGFBP7] analysis if they had preoperative end-stage renal disease (eGFR <15 ml/min or on dialysis) or preoperative AKI requiring renal replacement therapy.
The primary predictor will be urinary [TIMP-2]*[IGFBP7] level in (ng/ml)2/1000 at end of surgery or POD 1. As a pilot biomarker study, 10 patients (5 without AKI and 5 with AKI stage 2 or greater by Kidney Disease Improving Global Outcomes (KDIGO) criteria) were selected for blinded measurement of [TIMP-2]*[IGFBP7]. [TIMP-2]*[IGFBP7] levels will be compared at the three time points using Friedman’s test to determine whether end of surgery or POD 1 urine samples capture the greatest deviation from preoperative levels. Following the pilot study, urinary [TIMP-2]*[IGFBP7] level will be measured in the full study sample, consisting of approximately 160 patients.
The primary outcome will be incidence of AKI stage 1 or greater within 72 h of the end of surgery based on KDIGO classification (serum creatinine rise >0.3 mg/dl or 1.5x baseline, or oliguria defined as urine output <0.5 ml/kg/h for >6 hours, or renal replacement therapy). [13]
Statistical methodology: In order to make an initial determination of the utility of urinary [TIMP-2]*[IGFBP7], its association with postop AKI will be evaluated via Pearson’s chi-squared test, using [TIMP-2]*[IGFBP7] above/below 0.3 (ng/ml)2/1000 as the predictor and presence/absence of AKI stage 1 or greater within 72 h of the end of  surgery as the outcome. Given a known prevalence of postop AKI in 58% in our cohort and a sample size of 160, we expect adequate cell counts in the 2x2 contingency table, precluding need for Fisher’s exact test. 
The null hypothesis is that rates of postop AKI do not differ between patients with urinary [TIMP-2]*[IGFBP7] above/below 0.3 (ng/ml)2/1000; the alternative hypothesis is that rates of postop AKI do differ between patients with urinary [TIMP-2]*[IGFBP7] above/below 0.3 (ng/ml)2/1000. 
Assuming two-tailed α=0.05, β=0.20, baseline risk (P0) of 0.58 among unexposed individuals (ie. urinary [TIMP-2]*[IGFBP7] <0.3 (ng/ml)2/1000), and a proportion of unexposed individuals (q0) of 0.40, a minimum of 40 subjects would be needed in order to detect a difference of 0.41 in rates of postop AKI between unexposed and exposed individuals (ie. RR of 1.7 or greater).
If the initial null hypothesis is rejected, consistent with urinary [TIMP-2]*[IGFBP7] being associated with development of postop AKI, we will proceed to assess whether [TIMP-2]*[IGFBP7] improves prediction of postop AKI in combination with additional clinical factors. In order to accomplish this, medical comorbidities and surgical factors associated with postop AKI stage 1 or greater were identified by univariate analysis. Preliminary analysis revealed that among 159 patients with complete data, the following perioperative risk factors were associated with postop AKI: preexisting chronic kidney disease (CKD) (48 vs 19%, p=0.001, Pearson’s chi-squared test), elevated BUN (23.8 vs 17.2 mg/dL, p<0.001, t-test), reduced eGFR (55.7 vs 76.4 mL/min, p<0.001, t-test), and intraoperative fluoroscopy time (136 vs 103 min, p<0.001, t-test). We aim to construct a multivariable regression model using these periop risk factors and perform receiver operating characteristic analysis to determine if area under the receiver operating curve (AUROC) improves with inclusion of urinary [TIMP-2]*[IGFBP7].

As discussed in the previous section, the team measuring the primary predictor (urinary [TIMP-2]*[IGFBP7]) will be blinded to the primary outcome, whould should mitigate measurement and observation bias during the course of biomarker assay testing. Covariables and potential effect modifiers to be controlled for include but are not limited to: age, hypertension, diabetes, hyperlipidemia, coronary artery disease, prior stroke, smoking status, CKD, total intraop time, intraop fluoroscopy time, estimated intraop blood loss, intraop transfusion volume, and intraop contrast volume; and were assessed in the aforementioned univariate analysis.

Ethical considerations: Potential harm to participants should be minimized due to the retrospective nature of this study. Furthermore, inclusion in the initial study sample required only collection of preop and postop urine samples for biobanking purposes and would not have affected routine perioperative clinical management.
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