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The duration of acute kidney injury after cardiac surgery 
increases the risk of long-term chronic kidney disease
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for CKD development following cardiac surgery-associated 
AKI may help to develop strategies to prevent or halt CKD 
progression in this population.
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Introduction

Acute kidney injury (AKI) is a serious complication after car-
diac surgery, which is associated to high mortality, increase 
in hospitalization time and hospital costs. AKI occurs in up 
to 30 % of patients undergoing cardiac surgery and even 
minor postoperative changes of serum creatinine are associ-
ated with increased hospital costs and mortality [1, 2].

Recently, numerous studies demonstrated a strong asso-
ciation between the severity of AKI and latter progression 
to chronic kidney disease (CKD). Even mild increases in 
serum creatinine levels after cardiac surgery are associated 
in a graded manner with a subsequent increase in the risk of 
incident CKD and CKD progression [3–6].

Most of the studies on CKD development after AKI were 
focused on the magnitude of serum creatinine increase and 
their impact on kidney disease progression [7–10], ignor-
ing AKI duration as a potentially important aspect of the 
severity of AKI. Not only the duration of AKI after cardiac 
surgery is directly proportional to long-term mortality, but 
the duration of serum creatinine rise has also been suggested 
as a better end-point for AKI trials in general [11, 12]. How-
ever, the relationship between duration of AKI and kidney 
disease progression has not been studied yet.

Thus, we sought to determine the association between the 
duration of the AKI episode and the long-term CKD devel-
opment in cardiac surgery patients-associated AKI.

Abstract
Background  Acute kidney injury (Dasta et al., Nephrol 
Dial Transplant 23(6):1970–1974, 2008) following cardiac 
surgery is associated with higher perioperative morbidity 
and mortality, but its impact on long term development of 
chronic kidney disease (CKD) is uncertain.
Methods  A total of 350 patients submitted to elective car-
diac surgery were evaluated for AKI, defined as an increase 
in serum creatinine (SCr) ≥ 0.3 mg/dL over baseline value. 
Univariate and multivariate analysis were used to study pre, 
intra and postoperative parameters associated with occur-
rence CKD after 12 months of follow-up.
Results  AKI incidence was 41 % (n = 88). The 12-month 
prevelence of CKD was 9 % (n = 19) in non-AKI patients 
versus 25 % (n = 54, p < 0.0001) in the AKI group. The fac-
tors identified as independent risk factors for long-term 
CKD development in the multivariate logistic regression 
model were age >60 years, hospitalization serum creatinine 
>0.8 mg/dL, peripheral artery disease, hemorrhage and AKI 
duration > 3 days.
Conclusion  Patients developing AKI after cardiac surgery 
presented high prevalence of long-term incident CKD. The 
duration of AKI was a strong independent risk factor for this 
late CKD development. Recognition of predictive factors 

1 3

J Nephrol (2017) 30:567–572

DOI 10.1007/s40620-016-0351-0

/ Published online: 4 October 2016

http://crossmark.crossref.org/dialog/?doi=10.1007/s40620-016-0351-0&domain=pdf&date_stamp=2016-10-3


Early post-operative variables

Central venous pressure (CVP), hemodynamic instabil-
ity (defined as the need of at least three vasoactive drugs 
in order to maintain mean blood pressure >65  mm Hg), 
intra-aortic balloon pump (IABP) use and serum arterial 
bicarbonate.

Statistical analysis

Data are presented as mean ± standard deviation (SD) or 
percent and were analyzed using the Statistical Package 
for Social Sciences (SPSS) for Windows, version 17 (SPSS 
Inc., Chicago, IL, USA). The Kolmogorov–Smirnov test 
was used to verify the normality of distribution of con-
tinuous variables. Univariate analysis was carried out for 
baseline characteristics (including AKI diagnosis) and to 
evaluate the influence of baseline characteristics and AKI 
on CKD development, a multiple logistic regression analy-
sis was performed. Variables were included in the multivari-
ate analysis if found to be significant at univariate analysis 
with a P value < 0.1. Continuous variables were expressed as 
mean ± s.d. and analyzed by unpaired Student’s t-test, using 
Welch’s adjustment, whenever required. Non-parametric 
variables were expressed as median and analyzed by Mann–
Whitney’s test. Categorical variables were expressed as 
absolute (n) and relative (%) frequency, and were analyzed 
by Pearson’s or Fisher’s exact test, whenever appropriate. In 
the multivariate analysis, results were expressed by the odds 
ratio and the 95 % confidence interval. Hosmer–Lemeshow 
goodness-of-fit test was applied to evaluate the calibration 
of logistic regression model and to check the importance 
of the discrepancy between observed and expected CKD. 
Forward stepwise selection procedure was used to select 
the variables significantly related to CKD development, as 
assessed by the likelihood ratio test. Odds ratios with 95 % 
confidence intervals were calculated for statistically signifi-
cant variables. A p value < 0.05 was considered as statisti-
cally significant.

Results

Three hundred and forty eight patients undergoing elec-
tive coronary artery bypass graft surgery (CABG), valve 
surgery or both were initially evaluated for CKD devel-
opment 12 months after hospital discharge. One hundred 
thirty-three patients were excluded from study because of 
baseline CKD ≥ stage 3 and 215 patients remained for final 
analysis.

Patients’ age was 60 ± 13  years and mean body mass 
index was 26.2 ± 4.5. There was a higher frequency of 

Patients and Methods

The Ethical Institutional Review Board approved the study 
and waived informed consent due to the purely observa-
tional character of the study.

From July/2003 to July/2005 and from July/2006 to 
July/2007 all 819 patients undergoing elective coronary 
artery-bypass grafting (CABG), valve replacement, or 
both, at the Heart Institute, University of São Paulo—Bra-
zil, were prospectively assessed. From the initial sample, 
718 patients were discharged alive from the hospital and 
348 patients were available for long-term kidney function 
follow-up, evaluated with serum creatinine measurement 
(SCr) and creatinine clearance (CrCl) calculation by the 
Modification of Diet in Renal Disease (MDRD) formula 
after 12 months from hospital discharge. Patients were 
evaluated by a single observer 24h prior to surgery to 
assess pre-operatory variables and then, followed from 
ICU admission until hospital discharge. Inclusion crite-
ria were patients 18 to 90 years and undergoing elective 
CABG, valve replacement or both. Exclusion criteria were 
emergency surgeries, congenital heart disease repair, aor-
tic aneurysm and baseline CKD ≥ stage 3. Chronic kid-
ney disease (CKD) stage 3 was defined as two or more 
estimated glomerular filtration rate (eGFR) <60 mL/min, 
calculated by the Modification of Diet in Renal Disease 
(MDRD) formula, in ≥3 months period. AKI was defined 
as an increase in serum creatinine ≥0.3 mg/dL over refer-
ence value in 48 h, according to AKIN criteria [13]. Dura-
tion of AKI was defined by the number of days in which 
AKI was present.

The variables below were analyzed as possible predictors 
for CKD development.

Pre-operative variables

Gender, age, race, body mass index (BMI), heart failure 
(defined as NYHA functional Class II or greater), hyperten-
sion, previous myocardial infarction, diabetes mellitus (use 
of oral glucose-lowering agents or insulin), stroke, previous 
heart surgery, peripheral vascular disease, left ventricular 
ejection fraction (LVEF), capillary glucose (mg/dL), serum 
creatinine (mg/dL) and estimated baseline creatinine clear-
ance (MDRD formula) at hospitalization.

Intra-operative variables

Cardiopulmonary bypass (CPB) time, intraoperative fluid 
balance and hemorrhage (defined as output of mediastinal 
or pericardial drains over 1L in 24 h or return to the surgery 
room due to bleeding within the first 24 h post-surgery or 
transfusion of 3 or more units of packed red cells in the sur-
gery room or within the first post-operative 48 h).
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Discussion

This study demonstrates that incident CKD is common in 
AKI patients following cardiac surgery and is strongly asso-
ciated with the duration of AKI episode. To our knowledge, 
the association between the duration of an AKI episode and 
progression to CKD has not been previously described in 
cardiac surgery patients.

In large general population samples, retrospective anal-
ysis found that AKI development was associated with a 
significant risk for late CKD development in patients with 

males (60 %) and Caucasians (88 %). The most common 
comorbidities were arterial hypertension (84 %) and dia-
betes (35 %), with a greater proportion of patients pre-
senting baseline LVEF > 50 % (69 %). Baseline serum 
creatinine and eGFR were respectively 1.1  mg/dL and 
68.5 mL/min. The mean serum creatinine and eGFR at 
ICU discharge were respectively 1.0  mg/dL and 71.2 
mL/min and 1.2  mg/dL and 69.6 mL/min at hospital 
discharge. CPB was utilized in 77 % and CPB time was 
102 ± 2 min. At ICU admission, arterial serum bicarbon-
ate was 20.8 ± 0.2 mEq/L and CVP was 12.7 ± 0.1 cmH2O. 
The most frequent cardiac surgery was CABG (56 %), fol-
lowed by valve surgery (22 %) and combined surgeries 
(22 %) (Table 1).

AKI incidence in this group was 41 % (n = 88), with 81 % 
(n = 174) on AKIN Stage 1, 14 % (n = 30) on AKIN Stage 
2 and 5 % (n = 11) on AKIN Stage 3. The mean creatinine 
values in AKI and non-AKI groups were 1.4 and 1.1 mg/
dl, respectively. The need for dialysis was observed in 8 % 
(n = 17) of patients and continuous veno-venous hemodi-
alysis (CVVHD) with citrate anticoagulation was routinely 
prescribed to these patients. Most patients (84 %, n = 74) 
developed AKI within the first 02  days post-operative 
(Fig.  1). Incidence of CKD after 12  months of follow-up 
in non-AKI patients was 9 % (n = 19) compared to 25 % 
(n = 54) in AKI patients (p < 0.0001). The mean creatinine 
values of CKD patients at the end of 12  months follow-
up was 1.8  mg/dL, compared to 1.2  mg/dL in non-CKD 
patients.

Statistically significant risk factors for CKD develop-
ment at the univariate analysis (p < 0.05) were (Table 2):

Pre-operative

Age >60 years, heart failure, peripheral artery disease, hos-
pitalization serum creatinine >0.8  mg/dL and hospitaliza-
tion serum albumin <3.7 mg/dL.

Intra-operative

Hemorrhage, cardiopulmonary bypass time >130 min and 
fluid balance >4000 mL.

Post-operative

Low cardiac output, intra-aortic balloon pump use, AKI 
diagnosis and AKI duration >3 days.

The following factors remained as independent risk 
factors for long-term renal dysfunction development in 
the multivariate logistic regression model: age >60 years, 
hospitalization serum creatinine >0.8  mg/dL, peripheral 
artery disease, hemorrhage and AKI duration >3  days 
(Table 3).

Table 1  Characteristics of the 215 patients with baseline 
eGFR > 60 ml/min/m2 available for 12 m follow-up

n %

Males 129 60
Caucasian 190 88
Black 17 8
Asian 8 4
Clinical characteristics
Preoperative

CHF NYHA ≤ 2 146 68
CHF NYHA > 2 69 32
LVEF ≥ 0.5 148 69
LVEF < 0.5 67 31

Coronary cineangiography
Less than two coronary arteries with stenosis >50 % 86 40
More than two coronary arteries with stenosis >50 % 129 60

Intraoperative
Hemorrhage 71 33
Fluid balance > 3000 mL 60 28

Early postoperative
Intra-aortic balloon pump (IABP) 13 6
Hemodynamic instability 106 49

Comorbidities
Hypertension 181 84
Diabetes 75 35
Previous stroke 11 5
Peripheral vascular disease 10 4,5
Carotid murmur 96 10
Previous myocardial revascularization 11 5
Previous valve surgery 28 13

Surgery type
CABG only 130 61
Aortic valve surgery only 24 11
Mitral valve surgery only 32 15
CABG plus aortic or mitral valve surgery 16 7
Aortic plus mitral valve surgery 13 6

eGFR estimated glomerular filtration rate, CHF congestive hearth 
failure, NYHA New York Hearth Association, LVEF left ventricular 
ejection fraction, CABG coronary artery bypass graft
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one of the factors related to this adverse outcome. Recently, 
Brown et al. confirmed that the duration of AKI after car-
diac surgery was directly proportional to long- term mortal-
ity, but the authors did not assess CKD progression in these 

preserved baseline renal function. In cardiac surgery patients, 
Ishani et al. found a greater risk of incident CKD associ-
ated with small post-operative increases in serum creatinine 
(HR 2.1 for incident CKD associated with an increase in 
serum creatinine of 25 %) [4]. In our study, the incidence 
of CKD after 12 months of follow-up in AKI patients with 
Egfr >60 mL/min/m2 at baseline was 25 %, a percent similar 
to previous studies. The novelty of this study is the finding 
that AKI duration >3 days was an independent risk factor 
for increasing incident CKD (HR of 13) in these patients. 
Similarly, Uchino et al. assessed the association of AKI dura-
tion and death in critically ill patients and demonstrated that 
those with sustained AKI (>3 days) had a sixfold increase in 
risk of mortality compared with patients without AKI [14].

Our findings are in agreement with recent experimental 
data demonstrating that AKI can evolve to CKD in differ-
ent animal models [15]. Recently, Bonventre et al redefined 
the role of the surviving epithelials cells after an episode of 
AKI, where the proximal tubule response is impaired with 
its proliferative response altered due to cell cycle arrest at 
the G2/M phase of the cell cycle, resulting in generation of 
profibrotic factors including cytokines, growth factors and 
matrix proteins [16]. Similarly, Golestaneh et al describes 
the concept of “uremic memory”, where permanent patho-
logic changes can be identified after an episode of AKI, with 
interstitial fibrosis and vascular denudation representing 
some histologic imprints of a past episode of AKI [15]. The 
assessment of biomarkers of structural renal tubular injury 
can predict progression to more severe stages of AKI in the 
early post-operative period after cardiac surgery and iden-
tify patients at risk of progression to CKD, further strength-
ening the relationship between anatomic alterations, AKI 
diagnosis and progression to CKD [17–21].

In the clinical field the key question to answer is at what 
point does decreased renal perfusion becomes irreversible 
and definitive in its insult to the tubules after AKI? The pres-
ent results suggest that the duration of AKI episode may be 

Table 2  Univariate analysis of risk factors for incident CKD after car-
diac surgery

Clinical characteristics CKD 
n = 39)

No-CKD 
(n = 176)

p 
value

% (n) % (n)

Male 61.5 (24) 46.5 (82) 0.09
Age >60 years 66.6 (26) 36.3 (64) 0.001
Diabetes 36 (14) 30 (53) 0.48
Heart failure 20.5 (8) 9 (16) 0.05
Hypertension 87.2 (34) 80.7 (142) 0.32
Previous myocardial infarction 20.5 (8) 9 (16) 0.62
Peripheral vascular disease 10.3 (4) 1.7 (14) 0.01

Preoperative
Capillary glucose >85 mg/dL 25.6 (10) 26.1 (46) 0.94
Serum creatinine >0.8 mg/dL 84.6 (33) 66 (116) 0.01
Serum albumin <3.7 mg/dL 23 (9) 6 (11) 0.001
Left-ventricular ejection fraction 
<50 %

10.2 (4) 5.7 (10) 0.02

Intraoperative
Hemorrhage 48.7 (19) 26.7 (47) 0.009
Cardiopulmonary bypass 
>130 min

30.7 (12) 12 (21) 0.01

Fluid balance >4000 mL 46.2 (18) 28.4 (50) 0.03
Postoperative
AKI diagnosis 43.6 (17) 24.4 (43) 0.02
AKI duration >3 days 28.2 (11) 4.5 (8) 0.0001
Central venous pressure >14 cm 

H2O
36 (14) 29 (51) 0.4

Arterial bicarbonate <21 mEq/L 33.3 (13) 41.4 (73) 0.36
Low cardiac output 56.4 (22) 42.6 (75) 0.11
Intra-aortic balloon pump (IABP) 18 (7) 4 (7) 0.005

Comorbidities
Diabetes 36 (14) 30 (53) 0.48
Carotid murmur 10.3 (4) 5.1 (9) 0.25

CKD chronic kidney disease, AKI acute kidney injury

Day of AKI Diagnosis 
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Fig. 1  Timing of AKI after cardiac surgery

 

Table 3  Multivariate analysis of risk factors for incident CKD after 
cardiac surgery

Variable OR Lower 
CI

Upper 
CI

AKI duration >3 days 13.48 4.15 43.7
Peripheral vascular disease 5.78 1.0 32.1
Age >60 years 5.25 2.12 13.0
Intra-operative hemorrhage 2.99 1.29 6.93
Pre-operative serum creatinine > 0.8 mg/dL 5.56 1.8 16.6
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patients [22]. In this study, we identified that the duration 
of AKI was a stronger predictor of CKD development than 
traditional risk factors, such as diabetes and hypertension.

The current findings stoutly reinforce the conception that 
all efforts should be made to correct reversible causes of 
kidney dysfunction in the installation phase of cardiac sur-
gery-associated AKI, to avoid frank acute tubular necrosis 
development, which will impact in the subsequent incident 
CKD in long-term follow-up.

Whether non-modifiable factors such as age and gender 
are independently predictive of CKD after an AKI episode 
remains uncertain. Schiffl et al. reported results of a multi-
variate analysis that failed to demonstrate that age, gender, 
comorbidities, severity of illness at ICU admission, cause 
of AKI and mode or duration of renal replacement therapy 
were independent predictors of renal recovery at 1  year 
follow-up [23]. In our study, age >60 years was an inde-
pendent predictor of CKD development after cardiac sur-
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observed after an AKI episode.
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which may not reflect the conditions of other institutions, 
since the clinical course of patients may be related to the 
number of surgeries performed in each center. Another limi-
tation refers that only patients submitted to elective cardiac 
surgery were studied, which make uncertain the validity of 
these conclusions to AKI patients in other settings and post-
operative fluid accumulation can determine inadequate AKI 
diagnosis based on serum creatinine alone [24]. Finally, we 
did not have data for 12-month follow-up in 370 patients. 
It should be noted that the pre and intra-hospital data from 
these patients were similar to the studied sample (data not 
shown).

In summary, patients who develop AKI following cardiac 
surgery presented high prevalence of long-term CKD. The 
duration of AKI was a strong independent risk factor for this 
late incident CKD development. Recognition of predictive 
factors for CKD development following cardiac surgery-
associated AKI may help to develop strategies to prevent or 
halt CKD progression in this population.
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