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Abstract. Acute kidney injury (AKI) stage I is the most
common stage of AKI observed among patients who underwent cardiac surgery with cardiopulmonary bypass (CPB).
The relationship between AKI stage I and mortality requires
further investigation. Patients aged 18 years or older who
underwent cardiac surgery with CPB between July 1, 2013
and May 31, 2014, were reviewed in the present study. Patients
were dichotomized into: i) The AKI stage I group, and ii) the
non‑AKI group. The primary measured characteristic in the
present study was the relationship between AKI and mortality.
Kaplan‑Meier survival analyses were taken to obtain survival
curves. A total of 1,846 patients were included in this present
study. The mean age was 51.76±13.56 years. A total of
1,508 patients did not develop AKI and 338 developed AKI
stage I. The mean follow‑up period among survivors was
9.95±3.45 months. Kaplan‑Meier survival analyses showed
that patients with AKI stage I were at an increased mortality
risk (P<0.0001). In multivariate Cox regression analysis, AKI
stage I remained independently associated with a reduced
survival. Using a subgroup analysis, patients with non‑recovery
AKI (defined as non‑recovery AKI if the serum level does
not return before surgery) had a higher mortality rate than
patients with recovery AKI (P<0.0001). AKI stage I is the
most common form of AKI and it is independently related to
all‑cause mortality in patients who underwent cardiovascular
surgery with cardiopulmonary bypass.
Introduction
Acute kidney injury (AKI) is a serious postoperative complication of cardiopulmonary bypass (CPB) and may affect up to
50% of patients (1). AKI after cardiac surgery is the second
most common form of AKI that is treated within the intensive
care unit (ICU), second only to septic shock related‑AKI (2).
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AKI after cardiac surgery is associated with increased
mortality and morbidity; however, there is a great variation
in the AKI severities. AKI which requires continuous renal
replacement treatment, only constitutes ~5% of total patients
with AKI (3‑5). It has been reported that a small increase in
serum creatinine after cardiac surgery is also associated with
an increase in the 30‑day mortality rate (6). Mild increases of
the serum creatinine levels, manifested as AKI stage I, was the
main pattern observed among patients who underwent cardiac
surgery. The incidence of mild AKI; however, shows a wide
variation in the reported literature. It is reported that patients
with persistent renal dysfunction have a higher long‑term
mortality risk compared with patients who display renal function recovery to baseline levels (7). The mechanisms of action
behind AKI after cardiac surgery may be related to hemodynamic changes, ischemia/reperfusion injury, inflammatory
factors, microembolization and toxins. AKI stage I requires
commonly conservative treatment (if CRRT is not required),
which is cost‑effective, but maintains a high morbidity. If
patients receive insufficient attention, a poor prognosis may
result in increased mortality compared to other forms of AKI.
The effect of AKI stage I on mortality needs further investigation to ensure that suitable clinical treatment is available for
postoperative patients of cardiac surgery.
To this end, the objective of the present study was to define
the association between AKI stage I and the mortality among
patients undergoing cardiovascular surgery with CPB.
Subjects and methods
Study population. This prospective observational study was
conducted at the Department of Anesthesiology of Beijing
Anzhen Hospital, Capital Medical University, Beijing, China.
The protocol was approved by the Ethics Committee of
Beijing Anzhen Hospital, Capital Medical University. Patients
or their family members were fully informed of the study
details and signed informed consent forms. All of the eligible
patients (male: 1,788 and female: 1,080; age, >18 years old)
were selected from among inpatients who underwent cardiac
surgery with CPB between July 1, 2013, and May 31, 2014.
Exclusion criteria. For each patient, information was collected
on the demographics, surgical procedure, transfusion and
complications from the internal hospital anesthetic database
and clinical information system using. The following exclusion
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criteria were used: i) No serum creatinine indicated before
the operation; ii) no serum creatinine after the operation;
iii) mortality within the course of surgery; iv) cardiac transplantation; v) aortic surgery with kidney arteries involved, or
vi) patients with AKI stage II/III.
Definitions. AKI was defined according to the Kidney Disease
Improving Global Outcomes criteria (8). Stage I corresponds
to serum creatinine levels >26.5 µmol/l (0.3 mg/dl) or levels
1.5‑1.9 times greater than baseline levels; stage II corresponds
to serum creatinine levels 2.0‑2.9 times greater than baseline levels; stage III corresponds to serum creatinine levels
>353.6 µmol/l (4.0 mg/dl), or levels greater than 3.0 times
higher than baseline levels, or patients who had begun renal
replacement therapy. Urine output criteria were not used
in the present study. In the present study, patients were
dichotomized into non‑AKI group and AKI stage I group.
Patients with AKI stage I were included in the recovery
group if the serum creatinine levels at discharge decreased,
otherwise patients were included in the non‑recovery group.
All‑cause mortality was defined as death at a final follow‑up
(December 17, 2014), which was obtained by telephone
consultation. The primary endpoint of this present study
was to examine the association of AKI stage I with all‑cause
mortality. The second endpoint of the present study was
to examine 30‑day mortality, length of hospital stay after
surgery, length of stay in the ICU, mechanical ventilation
time and the post‑operation morbidity.

Figure 1. Flowchart of included and excluded patients in the present study.
AKI, acute kidney injury.

Statistical analysis. Data are presented as the mean ± standard
deviation when normally distributed, as median and interquartile range when data are skewed, and as frequencies and
percentages for categorical variables. Patient demographics,
intraoperative variables and measures of renal function were
compared between the non‑AKI patients group and the AKI
stage I group using Student t‑test for normally distributed data,
Kruskal‑Wallis test or χ2 test when appropriate. Kaplan‑Meier
survival analysis was used to draw survival curves, which
were analyzed using log‑rank test. A multivariate Cox proportional hazards survival model was used to estimate hazard
ratios (HRs) with 95% confidence intervals (CIs). Two‑sided
P values were used, and P<0.05 was considered to indicate a
statistically significant difference.
Results
Baseline characteristics. A total of 2,868 patients were
screened following cardiac surgery with CPB between
July 1, 2013, and May 31, 2014. Fig. 1 shows the flowchart of
this study, including the included and excluded patients. In
total, 1,941 patients were included, with 433 (22.31%) AKI
patients. Of those AKI patients, 338 (78.06%) were AKI
stage I patients (Fig. 2). Finally, 1,846 patients constituted
the study population. Of the study patients, the mean age
was 51.76±13.56 years and 856 (46.37%) were men. Valve
surgery accounted for 63.81% of surgical types, and coronary
artery bypass graft (CABG) + valve surgery was the second
predominantly used surgical type (9.15%). CABG + vascular
surgery had the highest incidence of AKI stage I, followed by
CABG + valve surgery (Table I). Among the 1,846 patients

Figure 2. Incidence of the three stages of AKI after cardiac surgery with
cardiopulmonary bypass. AKI, acute kidney injury.

included in this study, 1,508 patients did not have AKI and
338 had AKI stage I. There were older patients in AKI stage
I group than the non‑AKI group. The AKI stage I patients
demonstrated a greater proportion of comorbidities of coronary heart disease, hypertension and/or diabetes, compared
with the non‑AKI group (Table II).
AKI stage I and mortality. Mortality data of all patients were
available. The mean follow‑up period among survivors was
9.95±3.45 months (5.5 days to 15.5 months). Kaplan‑Meier
survival curves examining the variation between the two
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Table I. Surgery types and patients with AKI stage I.
		
Surgery

All cases, n (%)

Valve surgery
CABG
CABG + valve surgery
Vascular surgery
Congenital disease surgery
Valve + vascular surgery
CABG + congenital disease surgery
Cardiac tumor surgery
Congenital disease + valve surgery
CABG + vascular surgery

Percentage among patients
with AKI stage I, n (%)

1178 (63.81)
26 (1.41)
169 (9.15)
166 (8.99)
173 (9.37)
31 (1.68)
6 (0.33)
48 (2.60)
38 (2.06)
11 (0.59)

227 (19.27)
5 (19.23)
58 (33.58)
22 (13.25)
5 (2.89)
8 (25.8)
2 (33.33)
5 (1.42)
0 (0.00)
6 (54.55)

AKI, acute kidney injury; CABG, coronary arterial bypass graft.

Table II. Characteristics in the non‑AKI group and the AKI stage I group.
Variables
Sex, male
Age, year
Eject fraction, %
sCR before surgery, mmol/l
CPB time, mins
Aortic cross‑clamp, mins
RBC transfusion, u
Blood plasma transfusion, ml
Fluid balance during surgery, ml
minimally invasive surgery, n
Coronary artery disease, n
Hypertension, n
Pulmonary artery hypertension, n
DM, n
Peripheral vascular disease, n

non‑AKI group (n=1,508)
733
50.37±13.57
60.85±8.4
72.57±18.35
109.34±50.04
75.23±35.22
4.72±10.86
421.10±483.19
675.78±942.43
62
136
174
230
93
24

AKI stage I group (n=338)
169
57.99±11.68
58.34±10.3
76.33±40.53
138.29±59.74
92.19±43.45
4.88±8.1
614.23±713.92
870.05±1015.75
5
65
164
43
133
17

P‑value
0.074
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.056
<0.0001
0.001
0.02
<0.0001
<0.0001
0.24
0.001
0.236

AKI, acute kidney injury; CPB, cardiopulmonary bypass; DM, diabetes mellitus; RBC, red blood cell; sCR, serum creatinine.

groups are shown in Fig. 3. The data showed that patients with
AKI stage I were at a higher risk of mortality compared with
non‑AKI patients (P<0.0001).
A univariate Cox analysis was performed first (Table III).
All the meaningful factors which were significantly associated with AKI stage I were all included in the multivariate
Cox analysis. The following factors were included; Age, blood
plasma transfusion, fluid balance during surgery, coronary
artery disease, diabetes mellitus, and mechanical ventilation
time. In multivariate Cox regression analysis, AKI stage I
remained independently associated with reduced survival
[(HR, 2.412; 95% CI, 1.40 to 4.15; P =0.001)(Table IV)].
Patients with AKI stage I had a higher 30‑day mortality rate
than patients without AKI (3.25 vs. 0.025%, P<0.05; Table V).
In a subgroup Kaplan‑Meier survival curve analysis, patients

Figure 3. Kaplan‑Meier survival analysis of the AKI stage I group and the
non‑AKI group (log‑rank test, P<0.0001).
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Table III. Factors associated with mortality in univariate analysis.
Variables

Hazard ratio (95% CI)

P‑value

Age
Body mass index
Hypertension
Chronic kidney disease
Coronary artery disease
Pulmonary artery hypertension
Peripheral vascular disease
sCR before surgery, mmol/l
Peripheral vascular disease
Ejection fraction, %
RBC transfusion
AKI stage I
Blood plasma transfusion, ml
Fluid balance during surgery, ml
MAP intraoperation, mmHg
CPB
DM
MV time, day

1.253 (1.121‑1.405)
1.110 (1.067‑1.157)
1.560 (1.203‑2.076)
5.70 (1 1.199‑8.062)
1.903 (1.071‑3.385)
1.116 (1.027‑1.210)
0.983 (0.971‑1.017)
3.267 (1.932‑5.383)
1.050 (0.927‑1.032)
0.986 (0.972‑1.000)
1.103 (0.999‑1.050)
2.432 (1.41‑4.19)
1.127 (1.022‑1.226)
0837 (0.671‑1.224)
0.983 (0.973‑0.982)
1.003 (1.001‑1.006)
1.040 (1.02‑1.06)
1.014 (1.009‑1.020)

<0.00
<0.001
0.002
0.031
0.021
0.013
0.041
<0.001
0.394
0.053
0.057
0.001
0.015
0.542
0.001
0.033
0.008
<0.001

AKI, acute kidney injury; CPB, cardiopulmonary bypass; CI, confidence interval; DM, diabetes mellitus; MAP, mean arterial pressure; MV,
mechanical ventilation; RBC, red blood cell; sCR, serum creatinine.

Table IV. Factors associated with mortality in multivariate
analysis.
Variables
AKI stage I
CPB
DM

Hazard ratio (95% CI)

P‑value

2.432 (1.41‑4.19)
1.003 (1.001‑1.006)
1.040 (1.02‑1.06)

0.001
0.033
0.008

AKI, acute kidney injury; CPB, cardiopulmonary bypass; DM, diabetes mellitus.

with non‑recovery AKI had a higher mortality rate than
patients with recovery AKI (log‑rank test, P<0.0001; Fig. 4).
Mechanical ventilation time was longer in the AKI stage I
group than that in the non‑AKI group (P<0.0001). Hospital
stay after surgery non‑AKI group were also longer compared
with the non‑AKI group (Table V).
Discussion
In the present study, it was observed that AKI was a common
complication of cardiac surgery, and AKI stage I made up to
78% of all AKI cases. Patients with AKI stage I had a higher
30‑day mortality rate compared to patients without AKI.
Furthermore, AKI stage I was an independent determinant for
all‑cause long‑term mortality among patients who underwent
cardiac surgery. Additionally, patients with AKI stage I had a
longer length of hospital stay and required longer treatment

Figure 4. Kaplan‑Meier Survival Analysis of recovery‑AKI stage I group and
non‑recovery AKI group (log‑rank test, P<0.0001).

periods than non‑AKI patients. Finally, the present study
showed that patients with recovery AKI stage I had a better
prognosis than those with non‑recovery AKI.
The present investigation observed that the main stage of
AKI after cardiac surgery with CPB is AKI stage I. AKI is
a frequent postoperative clinical complication for patients,
especially during cardiac surgery. AKI may affect up to
30% of patients following cardiac surgery (9). The present
study showed that 22.31% of patients who underwent cardiac
surgery developed AKI. The difference between the previously published incidence of AKI and the observation in the
present study cannot exclude the improvement of recognition
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Table V. Postoperative characteristics in the non‑AKI group and the AKI stage I group.
Variables
ICU stay, h
Mechanical ventilation time, hours
Hospital stay after surgery, days
Respiratory dysfunction, n
Cardiac events, n
30‑day mortality, n

non‑AKI group

AKI stage I group

P‑value

21.92±28.88
21.28±27.78
8.37±4.88
155
9
6

40.54±66.45
38.85±64.88
10.5±6.85
106
15
11

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

AKI, acute kidney injury; ICU, intensive care unit.

and treatment in recent years. However, the severity of AKI is
vastly different between postoperative AKI and septic AKI.
In septic patients, AKI stage III was previously reported to
be the main stage (10). In the current investigation, stage I
AKI, was the most common stage. It has been previously
reported that the incidence of stage I AKI was more than 70%
in patients who underwent cardiac surgery procedures with
CPB, which was in agreement with the results of the present
study (11). It has been shown that, in patients who had undergone coronary artery bypass grafting, ~50% AKI cases were
at stage I (12).
In the present study, patients with AKI stage I had more
than a two‑fold increase in long‑term mortality during a
mean follow‑up of approximately 10 months, compared with
non‑AKI patients. In a recent study, Liotta et al (12) reported
the AKI stage I patients exhibited a 1.33 increased risk of
mortality after 6 years. The present study also found that even
minimal increases in the postoperative serum creatinine levels
of <0.3 mg/dl (26 mmol/l) were related to a significant increase
in mortality in patients who had undergone coronary artery
bypass graft surgery (11). It was further observed that patients
with AKI stage I had a two‑fold higher 30‑day mortality rate
when compared to patients without AKI using propensity
matching scores (10).
The present study showed also that patients with stage I
AKI were prone to worse postoperative condition than
non‑AKI patients. ICU stay, mechanical ventilation time and
hospital stay were significantly higher longer among patients
with AKI stage I than patients without AKI. There were more
cases of respiratory dysfunction and adverse cardiac events
in patients with AKI stage I compared with patients without
AKI. Previous studies also reported similar results (13‑15).
Furthermore, the present study showed that patients with
recovery AKI had a better long‑term outcome than those
with non‑recovery AKI. It has also been reported that the
risk of late death (after discharge from hospital) was related
to the recovery of AKI and the remaining renal function at
discharge (16). Recovery from AKI and the correlation with
the long‑term outcome of the patient are important issues,
which have now recognized as being of key importance (17).
Determining the mechanisms by which AKI is associated with
mortality is critical, as this may gain a greater understanding
of how to provide more effective preventative interventions.
However, the occurrence of AKI stage I is likely to be a strong
indicator of a poor physiological condition for postoperative

patients, as well as having a direct causative influence on
mortality. Therefore, it is difficult to determine the modifiable,
causative influence of AKI on risk of death. The results of the
present study are useful for addressing this issue, as recovery
stage from AKI stage I was also related to mortality. The
results highlight the significance of prompting treatment for
AKI stage I.
The mechanisms underlying the role of AKI stage I in
the postoperative course are unclear. Possible pathophysiological mechanisms linking AKI stage I and its clinical
effects may include the activation of inflammatory pathways
and fluid resuscitation. Activation of inflammatory pathways
is another important mechanism behind the development of
AKI (18). However, the degree of inflammation may vary
from that observed in septic AKI. The level of inflammation
may partially explain the difference in the AKI stage between
cardiac surgery patients and septic patients (4). Inadequate
circulation is common in AKI patients; however, volume overload is a more frequent side‑effect of AKI currently (18). This
could in turn require patients to extend the time of mechanical
ventilation, ICU stay and hospital stay.
It is important to pay more attention to AKI stage I among
patients who have undergone cardiac surgery with CPB.
Compared with the more severe levels of AKI, there are more
patients who develop AKI stage I. In addition, the treatment of
AKI stage I may be less invasive and more cost‑effective than
treating more sever levels of AKI. Therefore, more meticulous
diagnosis and treatment might be needed for patients with
AKI stage I to ensure a better prognosis.
In conclusion, the present study showed that the AKI
stage I was the predominant form of AKI, making up 78% of
all AKI cases. AKI stage I was an independent determinant of
all‑cause long‑term mortality among cardiac surgery patients.
In addition, the present study showed that patients with
recovery AKI stage I had a better prognosis than those with
non‑recovery AKI. As there are more patients who develop
AKI stage I compared with the other stages, AKI stage I was
indicated to lead to as many late deaths associated with AKI
compared with patients who develop the more severe stages of
AKI. As such, a more meticulous treatment protocol is needed
for patients with AKI stage I.
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