
Pre-operative Proteinuria predicts Acute Kidney Injury in
Patients Undergoing Cardiac Surgery

Steven G. Coca, DO, MS*,†, Divakar Jammalamadaka, MD*, Kyaw Sint, MPH*,†, Heather
Thiessen Philbrook, MMath‡, Michael G. Shlipak, MD§,||, Michael Zappitelli, MD, MSc¶,
Prasad Devarajan, MD#, Sabet Hashim, MD**, Amit X. Garg, MD, PhD‡, and Chirag R. Parikh,
MD, PhD*,† for the TRIBE-AKI Consortium
*Department of Internal Medicine, Yale University School of Medicine, New Haven, CT
†Clinical Epidemiology Research Center, VA Connecticut, West Haven, CT
‡Division of Nephrology, Department of Medicine, University of Western Ontario, London, Ontario,
Canada
§Department of Medicine, San Francisco VA Medical Center, and University of California, San
Francisco
||Department of Epidemiology and Biostatistics, University of California, San Francisco
¶Department of Pediatrics, Division of Nephrology, McGill University Health Center, Montreal
Children’s Hospital, Montreal, Quebec, Canada
#Department of Pediatrics, Cincinnati Children’s Hospital Medical Center, University of Cincinnati
College of Medicine, Cincinnati, OH
**Department of Surgery, Yale University School of Medicine, New Haven, CT

Abstract
Objective—To examine the utility of using proteinuria in pre-operative risk stratification for
acute kidney injury (AKI). AKI is a common and important complication for patients undergoing
cardiac surgery. Proteinuria, which reflects structural damage to the glomeruli or renal tubules,
may aid the prediction of AKI.

Methods—The ratio of urine albumin to creatinine (UACR) and dipstick proteinuria
concentration were prospectively measured in 1159 patients undergoing cardiac surgery. The
cohort was organized into four clinical risk categories based on the pre-operative UACR: UACR ≤
10 mg/g (≤ 1.1 mg/mmol), 11–29 mg/g (1.2–3.3 mg/mmol), 30–299 mg/g (3.4–33.8 mg/mmol),
and ≥ 300 mg/g (≥ 33.9 mg/mmol). The primary outcome was post-operative AKI, defined by the
AKIN stage I criterion (serum creatinine rise by ≥50% or ≥ 0.3 mg/dL (26.5 μmol/L)).

Results—An increase in the incidence of AKI was noted across the UACR categories. Adding
UACR to the clinical model to predict AKI improved the AUC from 0.64 to 0.67 (p < 0.001) and
the continuous net reclassification improvement (NRI) was 30% (p < 0.001). UACR was also
independently associated with risk of in-hospital dialysis, and ICU and hospital length of stay.
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Surgery status and pre-operative GFR were effect modifiers; the association was stronger amongst
those undergoing elective surgery and those with eGFR ≥ 45 mL/min per 1.73 m2.

Conclusions—Pre-operative proteinuria provides graded stratification risk for AKI and is an
independent predictor of other outcomes in patients undergoing cardiac surgery.

INTRODUCTION
Acute Kidney Injury (AKI) is a common and significant complication in patients undergoing
cardiac surgery. Post operatively, it is associated with increased hospital length of stay and
in-hospital mortality and those who survive AKI have an increased risk of developing
chronic kidney disease.1,2 Thus, pre-operative prediction of AKI is important in clinical
decision making.

One of the most important determinants for the development of AKI in cardiac surgery is
pre-existing kidney function, usually assessed by estimates of glomerular filtration rate.3,4

However, another dimension that offers a clue to the integrity of the kidney is proteinuria as
assessed by urine albumin to creatinine ratio (UACR) or dipstick proteinuria.5 As a
reflection of structural damage to the glomeruli or kidney tubules, proteinuria is increasingly
recognized as an important measure of kidney disease6 and risk factor for the development
of AKI.7,8,9,10 Proteinuria adds prognostic value to glomerular filtration rate for
understanding risks of AKI,9 cardiovascular disease, and death.11 Urine protein
measurements are readily available, inexpensive, and can even be assessed at the bedside
using a dipstick.

Several prediction models have been published to predict dialysis (incidence 1–2%) after
cardiac surgery but none of these models perform well for prediction of less severe forms of
AKI.12,13 These risk-assessment tools are used to balance the risks and benefits of cardiac
surgery and for monitoring the quality of care and outcomes of cardiac surgery by surgeons
and hospitals. Because of the intense scrutiny on cardiac surgery outcomes, even mild
improvements to help risk adjust for adverse outcomes could have great clinical importance.
This may allow clinicians to alter perisurgical approaches to minimize AKI or to consider
preventative therapies that prove effective in clinical trials.

Thus our objective was to examine the utility of urinary albumin concentrations and urine
dipstick measures of proteinuria to stratify for the risk of AKI in patients undergoing cardiac
surgery.

METHODS
Design and Setting

Participants reported here are a subset of the Translational Research Investigating Biomarker
Endpoints in Acute Kidney Injury (TRIBE-AKI; Clinicaltrials.gov # NCT00774137) cohort.
We prospectively enrolled 1219 patients who were at risk for developing post-operative
AKI. The ratio of urine albumin to creatinine (UACR) was measured on available pre-
operative urine samples (n=1159) and dipstick proteinuria was measured on 1123 samples.
60 patients did not have the ratios of urine albumin to creatinine, and their characteristics
were similar to the rest of the cohort. The cohort included adults undergoing cardiac surgery
(coronary artery bypass grafting [CABG], surgery for valve disease or both) at six academic
medical centers in North America between July 2007 and December 2009. All patients were
at high risk for AKI, defined by the presence of one or more of the following criteria: pre-
existing renal impairment (baseline serum creatinine > 2 mg/dL [177 μmol/L]), ejection
fraction <35% or grade 3 or 4 left ventricular dysfunction, age > 65 years, diabetes mellitus,
concomitant CABG and valve surgery, or repeat revascularization surgery. Exclusion
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criteria included prior kidney transplantation, pre-operative advanced chronic kidney disease
or end-stage renal disease, or if nephrotoxic drugs were administered pre-operatively.

All participants provided written informed subject consent. Each institution’s research ethics
board approved the study.

Sample collection, Biomarker Measurement and Outcomes
10 cc of fresh urine sample was collected at the pre-operative visit or on the morning of the
surgery. We centrifuged the samples at 1000g for 10 minutes to remove cellular debris. The
supernatant was stored at −80°C in 1 ml aliquots. All urine albumin assays were measured
by immunoturbidimetry on a Siemens Dimension Plus with HM clinical analyzer, per
manufacturer’s instructions. We measured urine creatinine by the modified Jaffe reaction.
Based on the pre-operative urine albumin to creatinine ratio (UACR), the cohort was
organized into four clinical risk categories: UACR ≤ 10 mg/g (≤ 1.1 mg/mmol), UACR 11–
29 mg/g (1.2 – 3.3 mg/mmol), UACR 30–299 mg/g (3.4 – 33.8 mg/mmol) and UACR ≥ 300
mg/g (≥ 33.9 mg/mmol) for the current study.7 Urine dipstick was graded as negative, trace,
30–99 mg/dl (0.03–0.099 g/L) and ≥ 100 mg/dl (≥ 0.1 g/L) and was measured in the fresh
urine using Siemens Clinitek Status ID number SN48923.

The primary outcome was post-operative AKI based on Acute Kidney Injury Network stage
I (serum creatinine rise by ≥ 50% or ≥ 0.3 mg/dL (26.5 μmol/L) from the pre-operative
value or requirement of dialysis). The secondary outcome was AKI based on Acute Kidney
Injury Network stage II (serum creatinine rise by ≥ 100% or requirement of dialysis).

Statistical analysis
We collected demographics, co-morbidities, and procedural variables using definitions of
the Society of Thoracic Surgeons (STS)
(http://www.ctsnet.org/file/rptDataSpecifications252_1_ForVendorsPGS.pdf). Relative risks
of AKI for the clinical risk categories, adjusted for variables that were available pre-
operatively including demographics, co-morbidities, and procedural variables were
calculated by logistic regression with site as a random effect (proc GLIMMIX procedure in
SAS 9.2 software, SAS Institute, Cary, NC, USA). The estimated odds ratios were converted
and presented as relative risks.14 The multivariate clinical model comprised of age (per
year), sex, race, pre-op estimated glomerular filtration rate (eGFR) calculated by chronic
kidney disease epidemiology collaboration (CKD-EPI) equation,15 elective surgery, type of
surgery, cardiac catheterization in past 48 hours, and previous history of diabetes,
hypertension, chronic congestive heart failure, myocardial infarction, and type of surgery.
These variables are the STS variables that have been shown to predict AKI in the cardiac
surgery setting.16 To evaluate the added effect of UACR on risk discrimination for AKI, we
constructed receiver operating characteristic (ROC) curves and calculated the area under the
curve (AUC) for the UACR alone, the multivariate clinical model alone, and then with the
addition of UACR to the clinical model using R 2.11.0 (R Foundation for Statistical
Computing, Vienna, Austria). We tested for a statistically significant increase in the area
under the curve using the method developed by De Long et al.17 We determined the
continuous net reclassification improvement (NRI) as suggested by Pencina et al.18 We
evaluated for interaction with the likelihood ratio test on the following subgroups: age (<65,
65–75, 75–85, >85), diabetes, elective vs. urgent surgery, and pre-operative stages of
estimated GFR.
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Results
Of 1159 patients with pre-operative urine albumin creatinine ratio (UACR) measurements,
405 (35%) had UACR ≤ 10 mg/g, 355 (31%) had UACR 11–29 mg/g, 329 (28%) had
UACR 30–299 mg/g, and 70 (6%) had UACR ≥ 300 mg/g. Characteristics associated with
higher levels of albuminuria included older age, diabetes, heart failure, EF< 40%, higher
pre-operative serum creatinine and lower pre-operative estimated GFR (Table 1). The use of
angiotensin converting enzyme inhibitors, angiotensin-II receptor blockers, statins and β-
blockers was not associated with the albuminuria concentrations.

Renal and Non-renal outcomes by UACR categories
During the post-operative period, 409 (35.2%) patients developed stage I acute kidney injury
or worse. The incidence of AKI increased according to the pre-operative UACR ratio:
UACR ≤ 10 mg/g (26% incidence), UACR 11–29 mg/g (35%), UACR 30–299 mg/g (42%),
UACR ≥ 300 mg/g (57%) (p-value for trend < 0.001). The adjusted relative risk for stage I
AKI increased according to the gradient of the UACR ratio, with an approximate doubling
in AKI risk for the UACR ≥ 300 mg/g group compared to the UACR ≤ 10 mg/g group
(Table 2). 58 (5.0%) patients developed stage II AKI or worse. The incidence of stage II or
worse AKI also increased according to the gradient of the UACR ratio, however after
multivariate adjustment the independent association did not meet strict statistical
significance (Table 2). 17 (1.5%) patients required dialysis of whom 6 died. An additional
13 patients died without needing dialysis..UACR categories were independently associated
with dialysis, length of ICU stay, length of hospital stay, but not in-hospital death.(Table 2).

In comparison to other covariates in the final model, all degrees of albuminuria, including
microalbuminuria (UACR 10–29 mg/g), was comparable to or a stronger predictor variable
for the outcome of stage I AKI than diabetes, hypertension, chronic heart failure, history of
myocardial infarction, and combined CABG & valve surgery (Table 3).

Renal and Non-renal outcomes by Dipstick Proteinuria categories
The risk for stage I AKI increased across the dipstick proteinuria categories, though the
relationship was not graded (p-value for trend <0.006), and the adjusted relative risks was
slightly less robust than witnessed with the UACR categories (Table 2). Dipstick proteinuria
was not associated with the risk of stage II AKI or with non-renal outcomes after adjustment
for covariates.

Risk Discrimination for UACR and Dipstick Proteinuria categories
Addition of UACR to the clinical model increased the area under the curve from 0.64 to
0.67 (p < 0.001) and dipstick proteinuria increased the area under the curve (AUC) for stage
I AKI to 0.66 (p= 0.05, Table 3). The addition of UACR or dipstick proteinuria did not
increase the area under the curve significantly for the prediction of stage II AKI (Table 4).

UACR and dipstick proteinuria were able to improve risk classification for AKI. The
continuous net reclassification index (NRI) was 30% (p<0.001) and 31% (p=0.01) for stage
I (Figure 1) and stage II AKI, respectively, with addition of UACR to the clinical model and
24% (p=0.001) for stage I AKI and 28% (p=0.03) for stage II AKI with addition of dipstick
proteinuria to the clinical model (Table 4).

Sub-group and sensitivity analysis
We examined the association of UACR and AKI in the following subgroups: age, diabetes,
surgery status, and estimated GFR categories (eGFR ≥ 60, 45–59, 30–44, and <30 mL/min
per 1.73 m2). Surgery status and baseline estimated GFR were effect modifiers (Table 5).
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Those with non-elective surgery and UACR ≥ 300 mg/g (≥ 33.9 mg/mol) had a lower RR
than those with elective surgery and same albuminuria group. Higher levels of UACR were
associated with a stepwise increase in the risk for post operative AKI in those with estimated
GFR 45–59 and ≥ 60 mL/min per 1.73 m2, but were not associated with increased risk in
estimated GFR 30–44, and <30 mL/min per 1.73 m2 (Table 5). A similar trend was observed
also with the dipstick proteinuria categories (data not shown).

DISCUSSION
AKI is a major postoperative complication of cardiac surgery. Even a mild rise in creatinine
as small as 0.3 mg/dl (26.5 μmol/L) (AKI Stage I) in this setting is associated with increased
morbidity and mortality.19 Our study demonstrates that pre-operative albuminuria (UACR)
is independently associated with development of AKI even after consideration of several
important pre-operative characteristics. Furthermore, dipstick proteinuria is also an
independent predictor for the development of stage I AKI. Finally, pre-operative UACR is
also independently associated with in-hospital dialysis, ICU length of stay, and in-hospital
length of stay. Both UACR and dipstick proteinuria have better prognostic ability for AKI in
patients with estimated GFR ≥45 mL/min per 1.73 m2 than patients with estimated GFR ≤
45 mL/min per 1.73 m2 and those undergoing elective surgery.

Our study builds upon the results of Huang et al,10 demonstrating that pre-operative
proteinuria is an independent risk factor for the development of cardiac surgery associated
AKI. In their study involving patients undergoing cardiac surgery, urine dipstick defined as
mild (trace to 1+), had adjusted odds ratio (OR) of 1.66 for the development of AKI (95%
CI 1.09 to 2.52), and or heavy proteinuria (2+ to 4+) had an adjusted OR of 2.30 (95% CI
1.35 to 3.90). Our study extends Huang’s observations by incorporating UACR for
categorization and analyses. Our results are similar to the non-surgical setting where Grams
et al7 demonstrated UACR is associated with AKI in a graded fashion in a community-based
population. We confirmed that low grade albuminuria (UACR < 30 mg/g), which generally
is not considered pathological, was independently associated with the risk for AKI.

Several clinical risk-scoring systems have been developed and validated to predict the risk
of AKI in cardiac surgery. The majority consider severe AKI as the endpoint (requiring
acute renal replacement therapy).12,13 However, a few studies developed models for
predicting milder forms of AKI.21,22 Regardless, all the clinical risk scoring systems, except
for one,21 solely utilized pre-operative serum creatinine or GFR to define chronic kidney
disease. None of the studies examined the added value of albuminuria or proteinuria to
predict AKI in cardiac surgery. In this multi-center cohort study of patients undergoing
cardiac surgery, we found that both pre-operative UACR and dipstick proteinuria add to pre-
operative risk stratification for AKI.

These risk-assessment tools are used both to allow individual patients and surgeons to
balance the risks and benefits of cardiac surgery and to monitor the quality of care and
outcomes of cardiac surgery. Cardiac surgery outcomes are widely monitored, thus even
mild improvements to help risk adjust for adverse outcomes could have great clinical and
research importance by choosing alternative procedures (e.g., percutaneous coronary
revascularization or valve repair) and selection of a high-risk cohort for enrollment into
randomized controlled trials. Therefore, if pre-operative proteinuria can be validated further
as a relevant marker for improving risk assessment for AKI or other adverse outcomes after
cardiac surgery, then it could be of value to individual patients, clinicians, hospitals and
trialists.
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It has been postulated that proteinuria represents endothelial dysfunction or may injure the
kidney itself. There is a body of evidence which describes proteinuria as toxic to the tubules.
This can result in significant tubulointerstitial injury and progression of renal disease
independent of the cause of proteinuria in chronic kidney disease. Filtered albumin when
taken up by renal tubular cells via receptor mediated endocytosis can trigger expression of a
series of pro-inflammatory molecules like monocyte chemotactic protein-1 (MCP-1),
osteopontin, regulated upon activation normal T cell expressed and secreted (RANTES),
endothelin-1.10 Also, low molecular weight proteinuria can exacerbate acute ischemic injury
in experimental animals.22 It is possible that patients with albuminuria have some degree of
altered functional renal reserve due to the above mentioned factors and are more prone to
ischemic injury during cardiac surgery.23

We found effect modification by two clinical variables: surgery status and pre-operative
estimated GFR. Specifically, the relationship between the degree of pre-operative
proteinuria and risk for AKI was stronger in those undergoing elective surgery and those
who had higher pre-operative estimated GFR but was weak or abolished in those undergoing
urgent surgery and those with estimated GFR < 45 ml/min/m2. These findings are not
surprising. In patients who are already at much higher risk for AKI (urgent surgery and
profoundly decreased baseline estimated GFR), it is unlikely that additional parameters will
provide more information for the risk of outcomes. However, in patients with lower pre-
operative risk, a measure of kidney injury, such as proteinuria, may provide additional
benefit for risk stratification. For example, in those with GFR > 60 and no albuminuria, the
rate of AKI was 24%. In contrast, the rate of AKI in those with GFR 30–44 was 38%. Thus,
since the background or baseline risk of AKI is already higher in those with low GFR, it is
more difficult to demonstrate higher risk in association with another predictor variable, in
this case albuminuria. These findings are very similar to the findings by Tonelli et al.11

where the value of albuminuria to risk-stratify for the outcomes of end stage renal disease
(ESRD) and all-cause mortality was greatest in those with higher baseline estimated GFR.

The strengths of this study are that it is a multicenter cohort study involving six large
academic centers in North America, and representative of contemporaneous surgical
practice. Furthermore, unlike previous studies8,9,10 proteinuria was measured both by
UACR and dipstick at the bedside, thus we were able to compare the two methodologies of
assessment of proteinuria with the outcomes. However, there are some limitations to our
study. The majority of the patients in our cohort experienced only mild AKI (Acute Kidney
Injury Network stage I). The number of patients with stage II AKI (or worse) was much
lower, which may have limited our ability to observe a stable independent relationship
between albuminuria and more severe AKI. However, the distribution of severity of AKI
reflects the current epidemiology of AKI in cardiac surgery in the modern era in North
America. In addition, despite the multi-center design of our study, two-thirds of participants
were male and over 90% were white. The ability for the models to correctly classify patients
as AKI or non-AKI using pre-operative variables was only modest, with an AUC of 0.7.
Thus, additional factors such as intra-and post-operative events also influence the ultimate
risk for AKI. Finally, the amount of proteinuria by dipstick can be influenced by urine
concentration.

In conclusion, our results indicate that pre-operative proteinuria, both by UACR and urine
dipstick, is an independent predictor for the risk of developing stage I AKI in cardiac
surgery. UACR is also an independent predictor of other important outcomes, including
dialysis and length of stay. However, with consideration of the cost differential between the
two tests (approximately 40 cents per patient for dipstick and $130 per patient for UACR),
dipstick proteinuria may be a more cost-effective method to screen patients prior to surgery,
as it still improved risk classification by 24%. This implies that the number needed to screen
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via UACR to correctly classify one patient prior to surgery is 14, at a total cost of $1820.
Future studies will need to determine whether the additional precision at the expense of
increased costs is worth pursuing and then translates into improved clinical outcomes. We
propose that these, widely available, and potentially bedside tests can be used as an aid in
assessing risk for poor outcomes in patients undergoing cardiac surgery.
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Figure 1. Predicted risk of clinical model with and without urine albumin creatinine ratio
The above plots shows the predicted risk for (a) AKI and (b) no AKI for Stage I AKI and (c)
Stage II AKI and (d) no AKI or Stage I AKI for Stage II AKI according to the clinical model
(x-axis) and according the model with pre-operative urine albumin creatinine ratios (UACR)
or dipstick proteinuria added (y-axis). The diagonal line indicates that for points above this
line, the predicted risk of stage I AKI is higher in the new model and for points below this
line, the predicted risk is lower.
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Table 3

Full multivariate models for Stage I and II AKI

Multivariable-adjusted RR (95% CI) Stage I AKI Stage II AKI

UACR

 <10 mg/g 1 1

 10–29 1.35 (1.07, 1.66) 1.44 (0.7, 2.91)

 30–299 1.64 (1.33, 1.97) 1.94 (0.95, 3.86)

 ≥300 2.21 (1.66, 2.73) 2.59 (0.93, 6.58)

Age (per year) 1.003 (0.993, 1.013) 0.993 (0.964, 1.024)

Female 0.75 (0.60, 0.92) 0.91 (0.52, 1.6)

White 1.1 (0.76, 1.49) 0.98 (0.36, 2.48)

eGFR (per ml/min per 1.73 m2) 0.993 (0.988, 0.998) 0.995 (0.981, 1.009)

Diabetes 1.16 (0.96, 1.37) 1.10 (0.63, 1.92)

Elective 0.60 (0.46, 0.76) 0.55 (0.29, 1.05)

Hypertension 1.20 (0.94, 1.48) 1.70 (0.75, 3.70)

Chronic heart failure 1.28 (1.04, 1.53) 1.59 (0.86, 2.88)

Cardiac catheterization in past 48 hours 1.00 (0.99, 1.01) 1.00 (1.00, 1.00)

Myocardial Infarction 0.95 (0.76, 1.16) 1.14 (0.61, 2.1)

Type of Surgery

 Valve 1 1

 CABG 0.86 (0.66, 1.09) 0.60 (0.28, 1.27)

 CABG & Valve 1.11 (0.88, 1.34) 1.52 (0.78, 2.87)

Abbreviations: AKI – acute kidney injury, UACR- urine albumin to creatinine ratio, CABG- coronary artery bypass grafting, eGFR- estimated
glomerular filtration rate, SD-standard deviation.
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