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Abstract

Background—Of patients undergoing cardiac surgery in the United States, 15–20% are re-

hospitalized within 30-days. Current models to predict readmission have not evaluated the

association between severity of post-operative acute kidney injury (AKI) and 30-day

readmissions.

Methods—We collected data from 2,209 consecutive patients who underwent either coronary

artery bypass (CABG) or valve surgery at seven member hospitals of the Northern New England
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Cardiovascular Disease Study Group Cardiac Surgery Registry (NNE) between July 2008 and

December 2010. Administrative data at each hospital was searched to identify all patients

readmitted to the index hospital within 30 days of discharge. We defined AKI Stages by the AKI

Network definition of 0.3 or 50% increase (Stage 1), 2-fold increase (stage 2) and a 3-fold or 0.5

increase if the baseline serum creatinine was at least 4.0 (mg/dL) or new dialysis (stage 3). We

evaluate the association between stages of AKI and 30-day readmission using multivariate logistic

regression.

Results—There were 260 patients readmitted within 30-days (12.1%). The median time to

readmission was 9 (IQR 4–16) days. Patients not developing AKI following cardiac surgery had a

30-day readmission rate of 9.3% compared to patients developing AKI stage 1 (16.1%), AKI stage

2 (21.8%) and AKI stage 3 (28.6%, p <0.001). Adjusted odds ratios for AKI stage 1 (1.81; 1.35,

2.44), stage 2 (2.39; 1.38, 4.14) and stage 3 (3.47; 1.85–6.50). Models to predict readmission were

significantly improved with the addition of AKI stage (c-statistic 0.65, p = 0.001) and net

reclassification rate of 14.6% (95%CI: 5.05% to 24.14%, p = .003).

Conclusions—In addition to more traditional patient characteristics, the severity of post-

operative AKI should be used when assessing a patient’s risk for readmission.

Subject Codes

Coronary artery bypass grafts; CABG; Kidney; renal function; failure; dialysis; Outcomes (incl
mortality, morbidity, survival, etc.); Surgery; complications; Readmission

Introduction

One in every five patients return to the hospital within 30-days for unplanned readmissions.

[1] Current models to predict the occurrence of 30-day readmission with patient

characteristics have been met with limited success. [2] Others have explored the use of less

traditional risk factors for readmission such as discharge hemoglobin and serum sodium. [3]

One common adverse outcome in open heart surgery patients is acute kidney injury (AKI),

which has been directly tied to short- and long-term mortality after cardiac surgery [4, 5]

and associated with readmissions in patients hospitalized with heart failure [6] or acute

myocardial infarction. [7] However, other studies have not identified an association between

increased severity of AKI and an increased likelihood of readmission.

AKI may serve as a risk factor for other organ injury. [8] Scheel and colleagues demonstrate

markers of cellular injury in other organs following acute injury to the kidneys including the

heart, brain, liver, gut, bone, and lungs. [9] Injury or failing of these organs - specifically

circulatory issues and heart failure, infection, digestive system, fluid and electrolyte

imbalance, and anemia – have also been associated with a higher rates of 30-day

readmission after cardiac surgery. [10]

Some studies have reported post-procedure acute kidney injury or renal failure as a

significant risk factor for 30-day readmissions. [6, 11, 12] However, no report has evaluated

a severity index for AKI using the Acute Kidney Injury Network (AKIN) [13] staging

criteria as a risk marker for determining early risk of 30-day readmission after cardiac

surgery. Based on the evidence associating AKI to end-organ damage and end-organ
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damage with readmissions, we postulate severity of AKI using the AKIN staging criteria

could serve as a risk factor for 30-day readmission. Therefore, we examined if post-cardiac

surgery AKI stage (no AKI, AKI stage 1, stage 2, and stage 3) is associated with 30-day

readmissions.

Material and Methods

Patients undergoing coronary artery bypass graft (CABG) surgery and/or valve surgery at

any of 7 hospitals contributing 30-day readmission data to the Northern New England

Cardiovascular Disease Study Group (NNE) between July 2008 and December 2010 were

enrolled in the cohort. Readmissions were identified by searching administrative hospital

claims and represent only readmissions to the index site. A total of 2,209 consecutive

patients were included along with 268 readmissions to the hospital performing the index

cardiac surgery. Twenty-six patients with incomplete pre-operative and postoperative serum

creatinine measures were excluded from the analysis leaving a total of 2,183 patients and

260 readmissions occurring within 30-days of discharge from the index cardiac surgery

admissions. An interdisciplinary team of physicians and allied health professionals from the

NNE developed a systematic chart abstraction tool to standardize the collection of 30-day

readmission events and causes of readmission. All institutional review boards for each

center reviewed and approved the data collection for the NNE registry and supplementary

data collection for readmissions.

The last serum creatinine prior to cardiac surgery and highest post-operative serum

creatinine prior to discharge was used to define stage of AKI. AKI stages were defined by

the AKI Network definitions as follows: AKIN Stage 1: 0.3 or 50% increase in serum

creatinine from baseline; AKIN Stage 2: a 2-fold increase in serum creatinine; and AKIN

Stage 3: a 3-fold or 0.5 increase if the baseline serum creatinine was at least 4.0 (mg/dL) or

new dialysis-dependent renal failure. [13]

Baseline, operative, and postoperative outcomes were compared using chi-square tests and

continuous data using the student’s t-test or Wilcoxon ranksum tests where appropriate. We

conducted a backwards stepwise logistic regression removing risk factors that did not reach

an alpha <0.1 among only risk factors with an alpha < 0.1 from univariate comparisons. All

risk factors meeting an alpha < 0.1 were included in the final model. Two logistic regression

models were created modeling the likelihood of 30-day readmission. First, we created a

multivariate logistic regression model including other non-renal risk factors predictive of 30-

day readmission. Then, we created a full model with AKIN stage added to the other model.

To assess the calibration and discrimination ability of these models to predict 30-day

readmission, we conducted a Hosmer-Lemeshow goodness of fit test and calculated the area

under the receiver operating characteristic (ROC) curve and 95% confidence intervals for

each of the three models. We then compared each model’s ROC to determine if the addition

of AKIN stage to the risk factors in the first model significantly improved the discrimination

of 30-day readmission using ROC comparative statistics described by DeLong and

colleagues [14] and using the net reclassification index described by Pencina and colleagues.

[15] All models were well calibrated plotting deciles of with observed verses expected

values. We then conducted a sensitivity analysis modeling center as a random effect in a
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multilevel XTME logit model. All analyses were performed using Stata 11.2 (College

Station, TX).

Results

There were 260 patients readmitted to their index hospital within 30-days (12.1%). The

median time to readmission was 9 (IQR 4–16) days. Readmission rates by center ranged

from 6.4% to 18.0%. Patient demographics and procedural characteristics are reported in

Tables 1 and 2. The primary causes of readmissions included infections (24%), effusions

(20%), and rhythm disturbances (16%) with secondary causes of readmission included

congestive heart failure or shortness of breath (28%) and effusions (18%).

Patients without AKI following cardiac surgery had a 30-day readmission rate of 9.3%

compared to patients developing AKI stage 1 (16.1%), AKI stage 2 (21.8%) and AKI stage

3 (28.6%, p <0.001, Figure 1). Compared to patients without AKI (referent category), the

unadjusted odds ratios for AKI stage 1 was 1.81 (95%CI 1.35, 2.44), for stage 2 was 2.39

(95%CI 1.38, 4.14) and for stage 3 was 3.47 (95%CI 1.85–6.50). Patient and procedural

characteristics predictive of 30-day readmission in a multivariate model without AKIN stage

included pre-operative white blood cell count >12,000, number of disease vessels (1 or 2

compare to 3 vessel disease), on-pump surgery, nadir hematocrit on pump<20, and

development of mediastinits. This model using other non-renal risk factors had a Hosmer-

Lemeshow goodness of fit chi-square of 4.44 and p-value of 0.3 with a ROC curve of 0.60

(95%CI: 0.56, 0.63). We then tested the addition of AKIN stage to the multivariate model.

We found that none of the other non-renal risk factors dropped out of the model and AKIN

stage significantly improved the model’s ability to predict 30-day readmissions after cardiac

surgery with p-value of 0.001. The final model combining the number of other risk factors

from model 2 and the AKIN stages had a goodness of fit chi-square of 5.25 and p-value 0.4

with ROC 0.65 (95%CI: 0.61, 0.68). The net reclassification rate method also demonstrated

significant model improvement of AKIN stage compared to other risk factors alone was

14.6% (95%CI: 5.05%, 24.14%, p = .003). Figure 2 presents the odds ratios for AKIN stage

and other risk factors used to create the final model with AKIN stage. When center was used

in a multilevel random effects model, the odds ratios for AKIN Stages 1, 2, and 3 compared

to no AKI in the fully adjusted model remained consistent with odds ratios and 95% CIs as

follows: 1.83 (1.35, 2.47), 2.47 (1.42, 4.30), and 3.33 (1.77, 6.28), respectively with all p-

values <0.001.

We explored the potential reasons for AKIN stage and readmission by summarizing the

association between AKIN stage and important procedural characteristics and endpoints in

Table 4. We also evaluated the AKIN stage assessed using the serum creatinine closest to

discharge. AKIN stage closest to discharge had readmission rates for no AKI, and AKIN

stages 1–3 as follows: 10%, 13%, 16%, 27%, respectively. Patients with full recovery of

AKI prior to discharge still had high rates of readmission (21% verses 10%).
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Comment

In this study we examined the relationship of AKIN stages to 30-day readmission following

consecutive live discharges from cardiac surgery. We demonstrated that the risk of 30-day

readmission incrementally increases with each increase in AKIN stage. This monotonic

relationship was constant with and without adjustment for patient and procedural risk factors

for 30-day readmission. We believe the use of AKIN staging criteria should be incorporated

into risk models for 30-day readmission, while other novel risk factors should be considered

and evaluated to continually improve the prediction of readmissions after cardiac surgery.

Thirty-day readmission rates have been targeted by the Centers for Medicare and Medicaid

Services (CMS) as a quality measure. According to the Affordable Care Act (ACA),

hospitals with higher than expected readmissions receive a financial penalty. [16] While

financial incentives tied to readmissions may drive hospitals reduce to readmissions,

concerns remain for the safety of patients as hospitals engage efforts to prevent these events.

AKI has been associated with cardiovascular disease and end-organ injury through the

cardiorenal syndrome proposed by Ronco and colleagues. [8] Others have noted AKI and

damage to renal tubular function is tied to distant end-organ injury including not only the

heart, but other vital organs. [9] Karkouti and colleagues also reported a strong, yet

modifiable, relationship between preoperative anemia and AKI in cardiac surgery. [17] We

recently reported risk factors for AKI duration and identified important modifiable factors

for AKI during cardiopulmonary bypass that protected against longer duration of AKI (cold

blood cardioplegia, higher nadir hematocrit on bypass) and factors that increased the risk of

longer durations of AKI (pump times exceeding 120 minutes and use of ultrafiltration). [18]

Recent evidence targeting other perfusion characteristics demonstrates arterial outlet

temperature, temperature on admission to the intensive care unit are important novel risk

factors for developing AKI. [19] These postulated mechanisms are supported by our study

whereby patients with a higher AKIN stage were more likely to have low cardiac output

(6.1, 11.5, 14.9, and 26.8 percent), new heart failure (10.8, 22.1, 26.7, and 28.6 percent),

higher baseline white blood cell counts (5.7, 4.6, 14.9, and 16.1 percent), and more in-

hospital mediastinitis infections (0.3, 1.0, 1.2, and 5.4 percent) for no AKI and AKIN stage

1, 2, and 3, respectively. Based on previous studies and our current research, AKI appears to

be tied to the risk of 30-day readmission through heart failure or low cardiac output,

inflammation and infection.

We evaluated the predictive ability of an AKI severity index (AKIN stage) and likelihood of

30-day readmission across seven hospitals. We found AKIN stage to be a simple risk factor

for evaluating perioperative risk of 30-day readmission. Although we are the first to report

on the predictive ability of AKIN stage as a severity index for 30-day readmission, recent

studies have supported the association between AKI and readmission predominately in

patients hospitalized for heart failure. These reports have identified worsening renal function

among patients hospitalized for heart failure has been predictive of mortality and 30-day

heart failure readmissions. [20, 21] More recently, others have investigated AKI or the

RIFLE criteria and their association with mortality and readmission. Thakar and colleagues

also reported that patients hospitalized for heart failure and develop AKI were at a
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significant increased risk of readmission within 30-days (9.2% versus 6.0%, p=0.0003). [6]

Shirakabe and colleagues reported the RIFLE criteria as significant independent risk factors

for mortality or heart failure readmissions. [22] However, when heart failure readmissions

were abstracted from the one-year events, the RIFLE criteria did not demonstrate a trend in

rates of 1-year heart failure readmissions. Contrary to this report, our research supports the

use of the AKIN staging criteria demonstrating a significant monotonic trend with stage of

AKI and 30-day readmissions after live discharge from cardiac surgery.

Mild and moderate AKI has also been investigated in the ST-elevation myocardial infarction

population with readmissions for heart failure, but not all readmissions. Goldberg and

colleagues after statistical adjustment demonstrate a significant trend for both transient and

persistent moderate to severe AKI (≥ 0.5 mg/dL increase in serum creatinine from baseline)

compared to no AKI or mild AKI (≥ 0.3 mg/dL increase in serum creatinine from baseline)

and subsequent heart failure admissions – but not recurrent infarctions - after an acute

myocardial infarction index hospitalization. [7] Recently, Donze and colleagues reported a

generalize HOSPITAL score for readmissions identifying two discharge laboratory values,

hemoglobin <12 (g/dL) and sodium <135 (mEq/L) as risk factors for 30-day readmission.

[3] Anemia has been associated with AKI in cardiac surgery [17] and sodium tied to renal

function. Therefore, this recent report strengthens our plausible association between AKI

and readmission and we expand on this research by evaluating the AKIN criteria to 30-day

all-cause readmissions in cardiac surgery as a simplified risk tool for 30-day readmissions.

There are limitations to consider for our analysis of AKIN stage and 30-day readmission.

First, the ascertainment of readmissions across our seven medical centers are limited to

patients presenting back to these medical center or transferred from outlying hospitals. To

the extent that there is incomplete ascertainment of the outcome it only serves to weaken the

reported relationship, which may actually be stronger. There is, however, the question of

causality: is AKI a risk marker for readmission or is decompensated renal function causing

readmissions. Currently, we have a limited understanding of this relationship. It is likely that

AKI and AKIN stage is acting as a severity index for risk of near-term adverse events such

as readmissions and mortality and acting as a surrogate for the physiologic vulnerability of

patients.

Our study also has notable strengths. We report on more than one year of consecutive

cardiac surgery procedures in the NNE across seven medical centers. We identified and

evaluated the predictive ability of AKIN stage as a severity index for 30-day readmission

following cardiac surgery. These efforts provide the cardiac surgical community and other

practitioners a tool that could be used as a pre-discharge tool for assessing 30-day

readmission risk based on the AKIN stage – a higher AKIN stage, a higher risk of 30-day

readmission. Further research is needed in this area to continually improve prediction of 30-

day readmission following cardiac surgery and validate our results in a larger cohort.

In summary, we demonstrate the significant predictive ability of AKIN stage for 30-day

readmission following cardiac surgery. AKIN stage 1 increases the risk of 30-day

readmission by 75%, AKIN stage 2 more than doubles the risk, and AKIN stage 3 more than

triples the risk of 30-day readmission after adjustment for other non-renal risk factors for
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readmission. These efforts provide the cardiac surgical community and other practitioners a

tool that could be used as a pre-discharge tool for assessing 30-day readmission risk

including AKIN stage independent of multiple patient and clinical risk factors, and an

opportunity to reassess perioperative and intraoperative processes of care that may impact

AKI.
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Figure 1.
30-day readmission rates of patients without AKI, developing AKI stage 1, AKI stage 2 and AKI stage.
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Figure 2.
Odds ratios.
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Table 1

Characteristics of Patients With or Without 30-day Readmission

Characteristic

30-day Readmission

No Yes P-value

Number of patients (2,183) 1,923 260

Demographics

Age 66 ± 11 67 ± 12 0.7

Female 29 33 0.2

BMI 30 ± 6 30 ± 7 0.6

Comorbidites

Type 2 diabetes mellitus 31 37 0.1

Vascular disease 27 31 0.2

COPD 16 20 0.044

History of dialysis 2 5 0.015

Smoking 21 22 0.7

Cardiac History

Recent MI 17 13 0.1

CHF 20 25 0.1

Prior CABG 4 3 0.3

Prior Valve 2 2 0.6

Prior PCI 18 17 0.7

NYHA Class IV 16 15 0.9

Cardiac Anatomy and Function

Left main disease ≥ 50% 29 21 0.007

Single vessel disease 32 40 0.009

Two vessel disease 27 28 0.7

Three vessel disease 36 25 0.001

Ejection fraction

 <40% 11 12 0.9

 40–59% 13 11

 50–59% 24 24

 ≥60% 52 53

Preoperative Labs

WBC >12,000 6 10 0.011

eGFR (mL/min/m2) 78 ± 24 75 ± 30 0.1

COPD: chornic obstructive pulmonary disease. MI: myocardial infarction. CHF: congestive heart failure. CABG:coronary artery bypass graft
surgery. PCI: percutaneuos coronary intervention. WBC: white blood cell count. eGFR: estimated glomerular filtration rate.
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Table 2

Procedural Characteristics and Outcomes of Patients With or Without 30-day Readmission

Characteristic

30-day Readmission

No Yes P-value

Procedural characteristics

Priority

 Emergent 5 6 0.5

 Urgent 51 48

 Elective 44 46

Procedure

 CABG 61 51 0.007

 Valve 22 30

 CABG/valve 17 19

On-pump proceedure 90 96 0.004

Nadir Hematocrit on pump <20 13 19 0.007

Cardiopulmonary bypass time (min) 120 ± 54 123 ± 56 0.4

Time to initial extubation (min) 17 ± 65 18 ± 35 1.0

Intraoperative myocardial infarction 2 3 0.8

Return to bypass 4 5 0.8

Management

RBC Transfusions

 None 68 59 0.001

 One 9 10

 Two 10 10

 Three or more 13 22

Use of 1 or more inotropes

 Arrive to ICU 44 44 1.0

 After 4 hours 37 44 0.035

 After 48 hours 11 15 0.1

Acute Kidney Injury Severity

 No AKI 72 54 <0.001

 Stage 1 23 32

 Stage 2 4 7

 Stage 3 2 6

Adverse Outcomes

Low-cardiac output failure 8 10 0.3

Stroke 1 1 0.5

Mediatinitis 0 3 <0.001

Reintubation 4 4 0.9

Return to operating room for bleeding 3 4 0.4

New atrial fibrillation 33 40 0.019

Leg wound infection 1 1 0.5
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Characteristic

30-day Readmission

No Yes P-value

Pneumonia 2 1 0.3

CABG: coronary artery bypass graft surgery. RBC: packed red blood cell transfusion. ICU: intensive care unit.
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Table 3

Multivariate Regression for 30-day Readmission

Characteristic

Odds Ratios (95%CI) for 30-day Readmission

Model without AKIN Stage Model with AKIN Stage

Acute Kidney Injury Severity

 No AKI - reference

 Stage 1 - 1.81 (1.35, 2.44)

 Stage 2 - 2.39 (1.38, 4.14)

 Stage 3 - 3.47 (1.85, 6.50)

Other risk factors

WBC>12,000 1.83 (1.15, 2.91) 1.70 (1.06, 2.74)

Single vessel disease 1.57 (1.15, 2.15) 1.60 (1.17, 2.20)

Two vessel disease 1.35 (0.96, 1.89) 1.33 (0.95, 1.87)

On-pump surgery 2.08 (1.10, 3.90) 2.01 (1.06, 3.80)

Nadir Hematocrit on pump <20 1.50 (1.06, 2.11) 1.40 (0.99, 1.98)

Mediastinitis 6.80 (2.32, 19.87) 5.16 (1.72, 15.43)

Model Parameters

Hosmer-Lemeshow goodness of fit χ2=4.44, p=0.3 χ2=5.25, p=0.4

ROC curve 0.60 (0.56, 0.63) 0.65 (0.61, 0.68)

 ROC compared to Other Risk Factors 0.001

*
AKI: Acute Kideny Injury. ROC: receiver operating characteristic curve. χ2: chi-square value for Hosmer-Lemeshow goodness of fit test.
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