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Introduction. Acute kidney injury (AKI) is a common complication
of coronary artery bypass graft with several serious complications.
This study aimed to find the incidence of AKI after coronary artery
bypass graft and its complications based on the Acute Kidney
Injury Network (AKIN) criteria.

Materials and Methods. This study was done on 3470 patients
who had undergone isolated coronary artery bypass graft. Acute
kidney injury’s incidence was based on the AKIN criteria (only
based on serum creatinine irrespective of urine output). Patients’
demographic data, in-hospital complications, and out-hospital
mortality were collected from hospital databases and compared
between the patients with and without AKI.

Results. Based on serum creatinine, the incidence of AKI was 27.7%
(958 patients) on the 1st postoperative day. Nine patients (0.3%)
needed hemodialysis during their hospital stay, and 31 patients
(0.7%) developed persistent kidney failure until the discharge
day. The number of patients undergoing hemodialysis was not
significantly difference but persistent kidney failure was significantly
more frequent in patients with AKI (P <.001). Those with AKI
also experienced longer length of stay (P = .04) and longer length
of stay in intensive care unit (P <.001), and their mortality rate
was higher in hospital (P <.001) and during the 3-year follow-up
period (P < .001).

Conclusions. Although AKI is associated with great patients’
morbidity and in-hospital and long-term mortality, most of AKI
episodes after coronary artery bypass graft are mild with no need
for hemodialysis, and they mostly improve spontaneously.
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Acute kidney injury (AKI) is a common
complication after coronary artery bypass graft
surgery that causes many complications, such as
increasing length of stay in hospital and intensive
care unit (ICU), risk of hemodialysis, persistent
kidney failure, and mortality rate.! Acute kidney

injury can affect coronary artery bypass graft
(CABG) results and worsen the operation outcomes.
On the other hand, CABG operation is usually
done in high-risk patients and that are at risk of
AKT after the operation.?

There are two classifications used for AKI
staging, including the Acute Kidney Injury Network
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(AKIN) and the Risk, Injury, Failure, Loss, and
End-stage Renal Disease (RIFLE) classifications.
In the AKIN classification, there are 3 stages for
AKI. Stage 1 is defined as increasing by at least
0.3 mg/dL of serum creatinine or 1.5- to 2-folds
or oliguria (urine output lower than 0.5 mL/kg/h)
in 6 hours; stage 2, increasing serum creatinine
at least 1.5- to 2-folds or oliguria (urine output
lower than 0.5 mL/kg/h) in 12 hours; and stage
3, increasing serum creatinine at least 2- to 3-folds
or 4-folds with an acute rise of 0.5 mg/dL or the
need for renal replacement therapy regardless of
prior stage or oliguria (urine output lower than
0.3 mL/kg/h) in 24 hours or anuria in 24 hours.>*
The incidence of AKI after CABG is reported from
7.6% to 48.5% in previous studies based on the
AKIN classification.*®

Risk factor for AKI include female sex,
preoperative heart failure, left ventricular
dysfunction, peripheral vascular disease, diabetes
mellitus, the need for intra-aortic balloon pump,
urgent operation, preoperative rise in creatinine
level, use of diuretic medications, long cross-
clamp time, use of aprotinin, blood transfusion,
cardiopulmonary bypass time, preoperative
anemia, erythrocyte transfusion, blood albumin,
p2-microglobulin, blood uric acid, postoperative
re-exploration, dosage of mannitol, hypertension,
number of grafts, mechanical ventilation time,
and preoperative percutaneous angiography. %13
Consequences of AKI is the need for dialysis,
mortality, increased length of stay, and increased
costs.® Unfortunately, about 64% of those
undergoing hemodialysis will remain dependent
on hemodialysis. Mortality rate is increased in
these patients and their 1-year survival is only
10%.'* Hemodialysis incidence is reported from
1% to 5%.1°

There is a strong relationship between AKI and
mortality after CABG even in lower AKI stages.
Post-AKI mortality was reported from 15% to 30%,
and it was as high as 60% in some studies.!>
Nonetheless, AKI definition was different in
these studies. The mortality was 60% to 70% in
patients requiring hemodialysis. Mortality rate
after 1-year follow-up was 4.5-fold higher in
patients developing AKL!'* Hemodialysis causes
hemodynamic instability, ventricular ectopy,
catheter-related infection, and visceral ischemia.
There are also immunologic incoordination and
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platelet dysfunction after AKI that play a role
in mortality. Infection is a major cause of death
in AKI following CABG accounting for 40% of
deaths. Risk of sepsis is significantly increased
in hemodialysis after CABG in comparison with
other post-CABG patients (58.5% versus 3.3%).!*
Kidney injury is one of the factors used in the
EuroSCORE as a useful scoring system to estimate
mortality after CABG."

Increase in length of stay in hospital is one of the
AKI consequences after CABG operation. Length
of stay was reported to be longer in AKI patients
in comparison with CABG patients without AKI
(11 days versus 5 days), and also, length of stay
in the ICU was longer (3.2 days versus 1.4 days)."
The postoperative costs were increased by 1.6-fold
in AKI after CABG compared to the control group
even for lower stages of AKL'® A cost study proved
that the cost was 42% higher (average, US $ 5807
per person) in post-CABG kidney dysfunction.”
Overall, kidney dysfunction after CABG adds up
to US $ 643 million in hospital costs in the United
States.!

The first studies based on the AKIN classification
were published in 2009. Li and colleagues® reported
AKIin 27.9% in 68 patients undergoing CABG. Later
Machado and coworkers® reported the incidence
of 48.5% in 817 patients, with a hemodialysis rate
of 3.8% and mortality rate 11-folds higher with
AKI (11.2% versus 1%). In 2011, Englberger and
colleagues?’ studied on 4800 patients and reported
that AKI incidence after CABG was 18.9% based
on the AKIN and mortality was higher in the
AKI group (odds ratio, 4.5). Kim and colleagues*
reported an incidence of 7.6% in the same year.
Gong and coworkers?! assessed 1400 post-CABG
patients in 2012. The receiver operator characteristic
curve determined AKI classification with RIFLE a
powerful predictor of delayed extubation, failure
to extube, and mortality. In the same year Vellinga
and colleagues?* assessed 565 patients, and the
incident was 14.7% based on the AKIN classification.
In 2013, Chew and colleagues® published a study
about the role of ethnicity in AKI. In their study,
the incidence of AKI after CABG was 35.3%. Indians
and Malays had a higher risk of developing AKI
than the Chinese in a South East Asian population.

Most studies on AKI based on AKIN and RIFLE
classifications were retrospective and used only
the creatinine component of criterion. In only
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12% of the analyzed population, the creatinine
and urine output criteria were used together.?*
A brief review of the literature shows that not
many studies determined the incident of AKI after
CABG based on the AKIN classification and most
of them were done on inadequate sample sizes.
Also, studies on complications based on the AKIN
criteria are scarce. There is not any qualified study
that includes all complications.®20-23

Nowadays, many physicians use the AKIN
classification to describe their patients and
an increasing number of studies use this new
classification.®?%?* This study was aimed to
determine AKI incidence after CABG based on the
AKIN classification and the rates of mortality, need
for hemodialysis, persistent kidney failure, and
longer stay in hospital and ICU in these patients as
compared with other patients with CABG. Results
of this study could help physicians to manage
these patients better.

This retrospective cohort study was done between
March 2010 and March 2012 in Tehran University
of Medical Sciences and Tehran Heart Center. This
study was done on patients who had undergone
isolated on pump coronary artery bypass graft.
The inclusion criteria were age older than 18 years,
serum creatinine level lower than 2 mg/dL, and
an ejection fraction greater than 30%. Patients on
nephrotoxic medications a week before the surgery,
those with a history of preoperative hemodialysis
and sepsis, those undergoing urgent CABG surgery
were excluded. Also, patients with incomplete
information in their charts were not included.

The sample size was estimated to be 3400
patients (d = 1.5). In 3 years, 72 500 patients had
been operated and their data was recorded on an
electronic database. We identified patients with
CABG who would meet the inclusion criteria; 2800
patients were excluded because of low ejection
fraction (lower than 30%), 1080 because of high
serum creatinine level, and others because of urgent
operations or age under 18 years old. Overall 3548
patient came into this study. From these patients,
75 were excluded from this study due to other
exclusion criteria and finally analysis was done
on 3473 patients.

The incidence of acute kidney injury incidence
was determined based on the AKIN classification

(only based on serum creatinine irrespective of
urine output): a 0.3-mg/dL increase or greater
in creatinine level or 50% increase in the base
creatinine (despite urine output). These were
based on the two serum creatinine levels recorded
in the database: morning of the operation day
and the day after the operation. Therefore, serum
creatinine was not measured exactly 24 hours after
the surgery, because some patients were operated
in the afternoon. The difference between these
values was considered as AKI “within 24 hours.”

The overall length of stay and ICU days were
calculated based on the admission and discharge
day and the ICU hours recorded in the database.
The need for hemodialysis was determined from
consultation note of the nephrologist, but reasons
for hemodialysis were not available. Postoperative
persistent kidney failure was defined as a creatinine
level elevation over 2 mg/dL during hospital stay.
In-hospital mortality was recorded from patients’
charts. The patients had followed-up visits after
discharge in 3-month intervals. Their mortality and
the cause of death were recorded in the database.
Out-of-hospital mortality was collected for a
maximum 3-year follow-up period.

The included patients were divided into 2
groups of AKI-positive and AKI-negative patients.
Postoperative in-hospital complications, length of
stay, and mortality data were compared between
these groups.

Analysis was done using the SPSS software
(Statistical Package for the Social Sciences,
version 19.0, SPSS Inc, Chicago, 11, USA). The
length of stay variables were compared by the
t test. Dialysis, kidney failure, and in-hospital
mortality were compared with the chi-square test.
The Kaplan-Meier estimator and log-rank test
were used for survival analysis. The summary
values for age, weight, height, body mass index,
preoperative serum creatinine, cardiopulmonary
bypass time, and cross-clamp time were shown
as mean + standard deviation. Values of P < .05
were considered significant.

This study was done on 3473 patients. There
were 997 women (28.7%) and 2476 men (71.3%).
The mean age was 60.75 + 9.46 years (range,
22 to 88 years). The mean weight, height, and
body mass index were 73.48 + 12.11 kg (range,

115



Kidney Injury Following Coronary Artery Bypass Graft—Yousefshabhi et al

37 kg to 183 kg), 164.80 + 9.84 cm (range, 71 cm
to 191 cm), and 27.01 + 4.10 kg/m? (range, 14.71
kg/m? to 52.50 kg/m?), respectively. The mean
preoperative creatinine level was 0.94 + 0.36 mg/
dL. The mean cardiopulmonary bypass time was
72.88 + 28.95 minutes and the mean cross-clamp
time 43.41 + 129.45 minutes.

Overall, 3467 patients had 2 365 099 days of
follow-up records that varied between 1 to 1259
days (median, 690 days; mean, 685.17 = 322.62 days).
The incidence of AKI was 27.7% (958 patients)
based on serum creatinine of the 1st postoperative
day. The staging based on the AKI classification
was 1 or higher in 958 patients (27.7%), 2 or higher
in 62 (1.8%), and 3 or higher in 31. In this study,
9 patients (0.3%) needed hemodialysis during
the hospitalization. Thirty-one patients (0.7%)
developed persistent kidney failure before the
discharge day.

The number of patients undergoing hemodialysis
was not significantly difference (P = .22), but
persistent kidney failure was significantly more
frequent in patients with AKI (P < .001). The
patients with AKI also experienced longer length
of stay (15.78 + 7.78 days versus 15.15 = 9.43
days, P = .04) and longer length of stay in ICU
(3.10 £ 4.29 days versus 2.65 + 3.65 days, P < .001),
and their mortality rate was higher in hospital
(P <.001) and during the 3-year follow-up period
(P <.001). Tables 1 and 2 show the comparisons
of these variables between the two groups. In-
hospital mortality was 2.3% among patients with
AKI and 0.7% in those without AKI (P < .001), and

Table 1. The Effect of Acute Kidney Injury on Length of Stay*

Patients With CABG
Parameter AKI No AKI P
Length of stay, d 15.15+9.43 15.78+7.78 .04
Intensive care unit stay, d 265+3.65 3.10+x4.29 .002

*AKl indicates acute kidney injury and CABG, coronary artery bypass
graft.

Table 2. Complications in Patients With and Without Acute
Kidney Injury*

Patients With CABG

Parameter AKI No AKI P
Postoperative hemodialysis 4(0.2) 5(0.2) .22
Persistent kidney failure 9(0.4) 16 (1.7) <.001
In-hospital mortality 18(0.7) 22(2.3) <.001
Mortality in 3 years 47 (1.9) 46(4.8) <.001

*AKl indicates acute kidney injury and CABG, coronary artery bypass
graft.

116

100+
994

R

T 984

32

c

=}

@

£ o974

k5 s No AKI

©

o AKI
961
95 _

0 200 400 600 800 1000 1200 1400
Follow-up, d

Survival function of patients with and without acute kidney injury
(AKI)

mortality during the 3-year follow-up period was
4.8% versus 1.9%, respectively (P < .001). Table 2
shows the comparisons of these variables between
the two groups. Patient survival was significantly
lower in the AKI-positive patients (Figure; P < .001).

The AKIincidence was 27.7% in this study. Li and
colleagues in China reported a rate of 27.9% for AKI
incidence after CABG, which is very similar to this
study.® The incidence rate was different reported
in different countries. It was 48.5% in Brazil, 26.3%
in the United States, and 14.7% in Belgium.3?0?
The role of ethnicity could explain the difference
between the incidence rates in different studies.
Chew and coworkers documented that Indians
and Malays have a higher risk of developing AKI
than Chinese in a South-East Asian population.”
Machado and colleagues® excluded preoperative
kidney failure, and the AKI incidence was measured
in 48 hours. Although transient AKI in 24 hours
after surgery was excluded, the incidence was
higher (48.5%) than that in other similar studies.
Considering exclusion criteria and lack of data
regarding urine output, underestimation of mild
forms of AKI is possible in our study.

The average length of stay was 0.63 days longer
and ICU stay was 0.45 days longer in patients with
AKI than those without AKI, and the differences
was significant. This result is similar to previous
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studies, but the differences were smaller in this
study. Dastal and colleagues showed that length of
stay was 11 days in their AKI group and 5 days in
the control group. In that study, the average ICU
stay was 3.2 days in the AKI group versus 1.4 in
the control group.'®

In this study, postoperative persistent kidney
failure was about 4-fold higher with AKI (1.7%
versus 0.4%), but postoperative hemodialysis
rate was not significantly different between the
two groups, and this was not similar to previous
studies. In both groups, persistent kidney failure
and the need for hemodialysis were in few cases,
which could be the result of intraoperative insults
to the kidney or the result of any later unrecorded
complication. In this study, overall 0.3% of the
patients needed hemodialysis, as compared to
1% in Rosner and colleagues’ study'*and 3.8% in
Machado and colleagues’ study.® This difference
may rise from excluding preoperative kidney
failure in our study. Although 27% of the patients
develop AKI, fortunately most of the patients
did not progress to persistent kidney failure and
dependence on dialysis. It is probable that most of
these injuries were only transient ischemia and it
does not cause permanent injury in most of cases.

In the present study, in-hospital mortality rate
in was about 3 times higher in patients with AKI
than in those without AKI (3.2% versus 7.0%).
Mortality after 3 years of follow-up in was 2.5 times
higher in these patients (8.4% versus 9.1%), and
these differences were significant, nearly similar to
previous studies. In Eagleburger and coworkers’
study,? mortality risk was 4.5-fold higher in the
AKI group. In Machado and colleagues’ study,?
mortality was 11-fold higher (11.2% versus 1%).
Gong and associates?! demonstrated that AKI
classification was the predictor of death. This is an
important point that even mild and transient AKI
could increase mortality rate. Therefore, it would
be a justified argument to prevent even minimal
insults to the kidney.

Many studies are carried out on AKI after CABG,
but the studies that based on the AKIN classification
are very few. Unfortunately, most of these studies
were done with small sample sizes and without
reporting AKI complications incidence.®?*** There
was no study on AKI after CABG based on the
AKIN classification on Iranians. These causes
show why this study was necessary. However,

there were several limitations in this study. First,
only 2 creatinine levels were recorded from the
patients in the database (operation day and day after
operation). Variation in creatinine level that could
even lead to hemodialysis in the first postoperative
day was not considered. Second, the time of the
operation was in the afternoon in some of those
patients; therefore, the AKI measurement was
not exactly within 24 hours. Third, unfortunately
urine output was not recorded in the database
and caused the underestimation at least for mild
forms of AKIincidence rate. Fourth, in the follow-
up clinic database, only death and cause of death
were recorded. Out-of-hospital creatinine changes
and kidney function of patients was not recorded.
The real contribution of AKI in this mortality rate
is however difficult to assess. Fifth, the follow-up
time was different between the patients. Finally,
any causes of renal hypoperfusion were not come
in this study or were excluded; so, there may be
an underestimation of the incidence rate in this
study, as compared to others. We suggest databases
upgrading could help researchers to study on AKI
better. Further studies should be performed on
post-CABG AKI and its complications to define
patients who are at risk for serious morbidity
and mortality.

Even mild and transient AKI could be associated
with an increase in ICU length of stay and long-
term mortality rate obviously, without any increase
in hemodialysis rate.

The authors would like to thank Dr Hashem
Fakhre Yaseri for his help and Dr Binaa for
contributing to extracting data from the electronic
database.
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