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Abstract

Background: Acute kidney injury (AKI) is common after coronary artery bypass grafting (CABG) and is associated with poor
outcome. Increased hospital procedure volume has been associated with better outcomes. However, the impact of hospital
CABG volume on AKI needing dialysis (AKI-D) is less clear. We designed this study to examine (i) the impact of number of
annual CABG procedures per hospital (CABG-vol) on AKI-D and inpatient mortality and (ii) if it modifies the relationship
between AKI-D and mortality.

Methods: Using the Nationwide Inpatient Sample database from 2000 to 2010, we identified admissions with CABG and
those with AKI-D using International Classification of Diseases, Ninth Revision, Clinical Modification codes. Multivariable
logistic regressions were used to assess the impact of CABG-vol on AKI-D and mortality. We used restricted cubic splines to
account for the nonlinear relationship between CABG-vol and mortality. We also evaluated the a priori interaction term
between CABG-vol and AKI-D in the model for mortality.

Results: Of 4 002 730 hospitalizations for CABG, 0.7% (24 126) had AKI-D. On adjusted analysis, CABG-vol did not correlate
with odds of developing AKI-D [odds ratio (OR) 0.99; 95% confidence interval (CI) 0.99–1.00] but was associated with
mortality, though the association was nonlinear. AKI-D was a significant predictor of mortality with OR 7.58 (95% CI 6.81–8.44).
The interaction of CABG-vol and AKI-D was not significant (P¼0.8).

Conclusions: Lower annual CABG hospital procedure volume is significantly associated with higher mortality but not with
a higher incidence of AKI-D. AKI-D is associated with higher mortality in those undergoing CABG. However, there is no
differential effect of hospital volume on odds of mortality due to AKI-D.
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Introduction

Acute kidney injury (AKI) affects �6–8% patients undergoing
coronary artery bypass grafting (CABG) with �1% patients expe-
riencing AKI requiring dialysis (AKI-D), and is associated with
high mortality [1–3]. Even though the mortality associated with
AKI after CABG is on the decline, there is an increasing inci-
dence of AKI and AKI-D after CABG and mortality attributable to
both AKI and AKI-D after CABG is on the rise [3]. The treatment
for AKI is nonspecific and relies on prevention of further injury
by hemodynamic optimization and avoidance of nephrotoxins,
and management of AKI-driven metabolic, electrolyte, acid–
base and volume complications. As there is no specific therapy
for AKI, prevention is the primary goal.

Hospital volume can be used as a surrogate marker for expe-
rience in management of patients, which becomes even more
important in the case of surgical procedures where a higher
number of procedures may result in greater skill in performing
them. Hospital procedural volume has been associated with
mortality for a variety of procedures including CABG [4–8]. In
fact, there has been a recent push towards the use of minimum
procedure volume standards for surgical procedures in major
medical centers [9]. Therefore, understanding how surgical
complications such as AKI-D and their impact on mortality are
affected by procedural volume is also important and can help
with referral of patients to appropriate centers based on their
risk of AKI-D development. It is conceivable that less experience
with CABG procedure could in effect lead to longer bypass
times, increased postoperative complications and potentially
increased AKI incidence.

We therefore designed this study to evaluate the impact of
annual hospital CABG volume (CABG-vol) on AKI-D and its rela-
tionship with mortality for those undergoing CABG.

Materials and methods

We designed this study using data from the Healthcare Cost
and Utilization Project—Nationwide Inpatient Sample (NIS)
from years 2000 to 2010. As the largest all-payer inpatient
care database that is publicly available in the USA, NIS
includes data from 20% stratified sample of US community
hospitals [10]. The information about age, race and sex along
with primary insurance and hospital characteristics—teach-
ing status, location (rural versus urban), size of hospital and
hospital region—is provided in the database for hospitaliza-
tion. Each hospitalization entry also provides information
about a principal diagnosis, secondary diagnoses and proce-
dural diagnoses.

We included hospitalizations of adults aged 20 years or
older with International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) procedure codes for
CABG (36.1, 36.10, 36.11, 36.12, 36.13, 36.14, 36.15, 36.16, 36.17,
36.19) during the study period. Patients with end-stage renal
disease and renal transplant were excluded. Using time to pro-
cedures from admission provided in the NIS database, we also
excluded patients who received acute dialysis before the day
of their CABG. We defined AKI-D using the ICD-9-CM code for
AKI (584.X) along with the procedure code for hemodialysis
(39.95). These codes have demonstrated excellent positive and
negative predictive value to identify admissions with AKI-D in
administrative databases [11]. Percutaneous intervention (PCI)
(36.01, 36.02, 36.03, 36.04, 36.05, 36.06, 36.07, 00.66), valve sur-
gery (35.1, 35.10, 35.11, 35.12, 35.13, 35.14, 35.2, 35.20, 35.21,

35.22, 35.23, 35.24, 35.25, 35.26, 35.27, 35.28), use of cardiopul-
monary bypass (39.61), use of balloon pump (37.61), presence
of prolonged mechanical ventilation (�96 h; procedure code
96.72) and presence of cardiogenic shock (785.51) during the
same admission were also identified using ICD-9-CM codes.
Demographic characteristics (age, sex and race), hospital char-
acteristics (location and teaching status, bed size and region),
primary payer, admission type (elective or non-elective) are
provided in the NIS database. We determined the CABG-vol for
hospitals for each specific year. We used Charlson’s comorbid-
ity index to examine the burden of co-morbid diseases [12].

The primary outcomes of interest were the incidence of AKI-
D and inpatient mortality in those undergoing CABG. We then
assessed the association of CABG-vol with AKI-D and mortality
for those undergoing CABG. We also examined if AKI-D is an
independent predictor of CABG mortality and if CABG-vol modi-
fies the relationship between AKI-D and mortality.

National estimates for the number of overall hospitaliza-
tions with CABG were generated using weights provided in the
NIS database. Appropriate survey procedures were used to
account for the complex survey methodology of the database.
Chi-square test was used to compare categorical variables.
STATA 14.0 (College Station, TX, USA) was used for all statistical
analyses.

We used a multivariable logistic regression model to esti-
mate odds of AKI-D and all-cause inpatient mortality. The mul-
tivariable model for AKI-D as the dependent variable was
adjusted for age, sex, race, primary payer, Charlson’s score, hos-
pital teaching status and location, hospital region, hospital bed
size, year of admission, use of cardiopulmonary bypass, type of
admission (or nonelective), concomitant valve surgery, concom-
itant PCI, need for prolonged mechanical ventilation (�96 h),
cardiogenic shock, use of balloon pump and CABG-vol. The
C-statistic of the model was 0.79. The model for mortality was
also adjusted for the presence of AKI-D with the C-statistic of
the model at 0.85 suggesting excellent predictive value. As
spline functions are more accurate in characterizing nonlinear
relationships [13–15], restricted cubic spline transformation of
CABG-vol using five knots was used to model the nonlinear
relationship with CABG-vol and dependent variables (AKI-D and
mortality). Restricted cubic spline transformation was retained
in the final regression model if the relationship between CABG-
vol and dependent variable was nonlinear, which was true in
the case of regression model with mortality as the dependent
variable. As there was no evidence of nonlinear relationship
between CABG-vol and AKI-D, CABG-vol was used a continuous
variable in the model with AKI-D as the dependent variable. To
examine if the CABG-vol modifies the relationship between
AKI-D and mortality, an interaction term between CABG-vol
and AKI-D was examined in the model with mortality as the
dependent variable.

Among those with AKI-D, time from admission to acute dial-
ysis or CABG was missing in 29.3% population. We therefore
performed a sensitivity analysis by excluding those patients
and thus restricting our sample to only those who were con-
firmed not to have received acute dialysis before the day of their
CABG. Missing data was <1% for all variables except race, which
was missing in approximately 20% of observations. Casewise
deletion was used to handle missing data. To ensure that this
methodology of handling missing data did not affect our results,
we performed another sensitivity analysis by including missing
values of race under the ‘missing’ category in variable for race
in logistic regression.
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Results
Baseline characteristics

There were an estimated 4 002 730 [95% confidence interval (CI)
3 761 267–4 244 192] admissions with CABG performed at hospi-
talization. Of them 0.7% (28 357; 95% CI 25 803–30 911) had AKI-D.
Those with AKI-D were older, females (36.7% versus 28.6%;
P< 0.001), Blacks (7.8% versus 5.7%; P< 0.001) and with primary
payer as Medicare or Medicaid (75.9% versus 59.3%; P< 0.001).
Those with AKI-D also had a higher comorbidity burden as evi-
denced by higher Charlson’s scores and were more often admit-
ted to hospitals that were urban teaching and large bed size. The
incidence of AKI-D was lower among those with elective admis-
sions (36.4% versus 47.4%; P< 0.001). A higher proportion of AKI-
D was seen in patients with concomitant valve repair, use of car-
diopulmonary bypass balloon pump, prolonged mechanical ven-
tilation or presence of cardiogenic shock (Table 1).

Trends of AKI-D

The total numbers of hospitalizations have steadily decreased
from 377 835 in 2000 to 194 725 in 2014 (P< 0.001 for trend); how-
ever, the annual number and proportion of AKI-D over the years
have stayed steady (Figure 1).

Predictors for AKI-D

After adjustment for measurable confounders, CABG-vol did not
seem to be an independent predictor for developing AKI-D in
patients undergoing CABG [odds ratio (OR) 0.99; 95% CI 0.99–1.00]
(Table 2). Increasing age, female sex, Black or Asian race, higher
Charlson’s comorbidity index, concomitant valve surgery, cardio-
genic shock, use of balloon pump, cardiopulmonary bypass or
prolonged mechanical ventilation were all independent predic-
tors for development of AKI-D.

Inpatient mortality

Overall mortality for those undergoing CABG was 2.8%.
Mortality was significantly higher in those with AKI-D (34.3%
versus 2.6%; P< 0.001). On adjusted analysis, AKI-D was an inde-
pendent predictor of mortality with OR 7.58 (95% CI 6.81–8.44)
(Table 3). Similarly, hospital volume was also an independent
predictor of mortality, however the effect was nonlinear
(Figure 2). The interaction term between AKI-D and CABG-vol
was not significant (P¼ 0.5), suggesting no differential effect of

Table 1. Baseline characteristics of those undergoing CABG, strati-
fied based on the presence of AKI-D

Characteristic

No AKI-D, % With AKI-D, %

P-value*(n ¼ 3 974 373) (n ¼ 28 357)

Age group (years) <0.001

20–44 2.8 1.4

45–54 13.0 6.5

55–64 26.7 17.0

65–74 32.9 32.4

�75 24.6 42.7

Sex

Male 71.4 63.3 <0.001

Race

White 63.6 67.7 <0.001

Black 4.5 6.9

Hispanic 4.9 6.4

Asian 1.6 2.9

Native American 0.4 0.3

Others 2.6 3.6

Missing 22.4 12.2

Primary payer

Medicare 54.5 70.8 <0.001

Medicaid 4.8 5.2

Private 34.6 20.1

Self–pay 3.2 1.9

No charge 0.3 0.1

Other 2.6 1.9

Charlson’s score

0 25.1 13.0 <0.001

1–3 68.5 62.7

4–6 5.9 21.9

�7 0.5 2.4

Valve surgery 13.2 30.0 <0.001

Percutaneous intervention 3.1 3.4 0.2

Cardiopulmonary bypass use 76.9 80.0 <0.001

Prolonged mechanical ventilation 2.4 34.9 <0.001

Cardiogenic shock 3.1 21.7 <0.001

Use of balloon pump 8.7 26.1 <0.001

Elective admission 47.4 36.4 <0.001

Hospital location and teaching status

Rural 3.8 3.1 0.3

Urban non-teaching 36.6 35.6

Urban teaching 59.6 61.3

Hospital bed size

Small 6.3 6.0 0.1

Medium 19.2 17.1

Large 74.5 76.9

Hospital region

Northeast 17.7 18.7 <0.001

Midwest 23.8 25.5

South 42.7 31.7

West 15.8 24.1

Year of admission

2000 9.5 5.7 <0.001

2001 9.5 6.6

2002 8.8 7.2

2003 8.3 6.6

2004 7.3 7.6

2005 6.6 7.4

2006 7.2 7.3

2007 5.9 7.1

2008 6.1 6.8

2009 6.3 7.6

2010 5.0 5.9

2011 4.9 6.4

2012 4.9 6.0

2013 4.8 5.7

2014 4.9 6.1

*P-value, as per global chi-square test among the categories.

Fig. 1. Trends of total CABG hospitalizations and AKI-D among them over time.

Trend P for CABG <0.001. Trend P for AKI-D ¼ 0.2.
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CABG-vol on mortality due to AKI-D. This is evident from Figure
3, where OR for mortality due to AKI-D (in comparison with
without AKI-D) was 7.58 (95% CI 6.81–8.44) at all arbitrarily
selected reference points. Increasing age, female sex, higher
comorbidity burden, concomitant valve repair or PCI, cardio-
genic shock, use of prolonged mechanical ventilation or balloon
pump were other independent predictors of mortality.

Similar results for the impact of CABG-vol on AKI-D and its
impact on mortality were seen when those with AKI-D who had
missing time from admission to acute dialysis or CABG were
excluded from the cohort or when missing race was included as a
separate subgroup of race in the regression models (Supplementary
data, Tables S1 and S2, and Figure S1a and b).

Discussion

This study using nationally representative data demonstrates
that for those undergoing CABG, increasing annual hospital
CABG volume is not associated with decline in risk of develop-
ing AKI-D but is significantly associated with the risk of decline
in mortality. We also show that the annual hospital CABG vol-
ume does not modify the association of AKI-D with mortality.

We found that 0.7% of CABG procedures were associated
with AKI-D. This is similar to the study by Lenihan et al. [3], who
found 0.8% incidence of AKI-D with cardiac surgery procedures.
They, however, included all patients with AKI-D whereas we
have excluded those who were known to have been started on
acute dialysis before the day of their CABG. In addition, they did
not look at the effect of annual hospital procedure volume on
the incidence of AKI-D.

We found a significant decrease in the number of CABG sur-
geries performed annually over time. However, the number of
patients with AKI-D per year during these surgeries has
remained the same. This is likely a function of increasing com-
plexity of patients over the years, which is also evident from the
fact that after multivariable adjustment, more recent years
themselves were not an independent predictor for AKI-D.

AKI-D in our study was seen less often in patients admitted
for elective surgery (36.4% versus 47.4%; P< 0.001). In fact, we
noted elective admission to be independently associated with
less risk of developing AKI-D (OR 0.83; 95% CI 0.78–0.89). As the
prevention of AKI relies primarily on avoidance of nephrotoxins
and optimization of renal perfusion, it is likely that those under-
going urgent surgery have not had a chance to be optimized
before surgery and thus could have a higher risk of developing
AKI. However, once AKI is established, close monitoring of these
patients is essential to prevent further kidney injury by optimi-
zation in the postoperative setting. Acute dialysis is offered
when renal function continues to decline despite conservative
measures such that hyperkalemia, metabolic acidosis or vol-
ume overload becomes refractory to medical treatment. As
higher hospital volume may translate into more experience in
postoperative management of optimization of patients, it is rea-
sonable to assume that higher hospital volume may be associ-
ated with less incidence of AKI-D. However, we did not find
hospital annual CABG volume to be predictive of AKI-D. Greater
attention to identifying AKI and involving nephrology early in
the care of these patients regardless of the hospital procedure
volume could be a possible explanation of these findings.

Similar to other studies [4–8], we did find higher hospital vol-
ume to be associated with lower in-hospital mortality in these
patients; the relationship was, however, nonlinear. Our results
can be most readily compared to those of Rathore et al. [6], who
looked at the impact of annual hospital CABG volume on

Table 2. Predictors of AKI-D after adjustment for confounding variables

Characteristic OR 95% CI

Annual hospital CABG volume 0.99 0.99–1.00
Age group (years)

20–44 Reference
45–54 1.04 0.79–1.38
55–64 1.22 0.95–1.58
65–74 1.54 1.19–1.99
�75 2.29 1.76–2.97

Sex
Female 1.11 1.04–1.19

Race
White Reference
Black 1.43 1.25–1.63
Hispanic 1.14 0.99–1.32
Asian 1.33 1.10–1.61
Native American 0.68 0.38–1.19
Others 1.20 0.98–1.47

Primary payer
Medicare Reference
Medicaid 1.02 0.87–1.20
Private 0.85 0.76–0.96
Self-pay 0.78 0.61–0.99
No charge 0.57 0.31–1.05
Other 0.90 0.71–1.14

Charlson’s score
0 Reference
1–3 1.48 1.34–1.62
4–6 4.27 3.79–4.80
�7 5.75 4.54–7.28

Concomitant valve surgery 1.85 1.71–2.00
Percutaneous intervention 0.71 0.59–0.84
Cardiopulmonary bypass use 1.11 1.00–1.22
Prolonged mechanical ventilation 10.22 9.26–11.29
Cardiogenic shock 2.31 2.09–2.57
Use of balloon pump 1.54 1.40–1.70
Elective admission 0.83 0.78–0.89
Hospital location and teaching status

Rural Reference
Urban non-teaching 0.90 0.65–1.24
Urban teaching 1.05 0.89–1.36

Hospital bed-size
Small Reference
Medium 0.93 0.77–1.13
Large 1.05 0.89–1.25

Hospital region
Northeast Reference
Midwest 1.35 1.04–1.75
South 0.94 0.73–1.21
West 1.52 1.18–1.95

Year of admission
2000 Reference
2001 1.10 0.85–1.42
2002 1.28 1.00–1.63
2003 1.17 0.90–1.53
2004 1.41 1.07–1.84
2005 1.54 1.15–2.06
2006 1.34 1.00–1.80
2007 1.35 1.04–1.77
2008 1.14 0.87–1.48
2009 1.09 0.83–1.43
2010 1.05 0.80–1.38
2011 0.96 0.73–1.26
2012 0.98 0.75–1.27
2013 0.87 0.67–1.13
2014 0.89 0.68–1.15
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mortality using the NIS database for the years 1998–2000. They
found that in comparison with high-volume hospitals, mortality
was progressively higher in medium- and low-volume hospi-
tals. Similarly, using data from California CABG Mortality Report
Program, Nallamothu et al. [5] found similar results across dif-
ferent categories of expected surgical risk. Both these studies,
however, used hospital CABG volume as a categorical variable
and divided the hospitals into low, medium and high volume
depending on number of annual CABG procedures. Categorizing
a continuous variable can, however, lead to loss of information
and can greatly influence the results depending on how the cat-
egories are chosen [14]. When categorizing a continuous varia-
ble, there is an assumption of constant effect within a category,

Table 3. Predictors of inpatient mortality

Characteristic OR 95% CI

AKI-D 7.58 6.81–8.44
Spline variable 1 for CABG-vol 0.99 0.99–0.99
Spline variable 2 for CABG-vol 1.03 1.01–1.06
Spline variable 3 for CABG-vol 0.91 0.86–0.97
Spline variable 4 for CABG-vol 1.05 1.00–1.10
Age group (years)

20–44 Reference
45–54 0.79 0.69–0.91
55–64 1.10 0.96–1.26
65–74 1.59 1.38–1.82
�75 2.65 2.30–3.06

Sex
Female 1.44 1.39–1.49

Race
White Reference
Black 1.06 0.97–1.15
Hispanic 0.86 0.79–0.93
Asian 1.02 0.86–1.19
Native American 1.04 0.81–1.33
Others 0.99 0.89–1.10

Primary payer
Medicare Reference
Medicaid 1.14 1.03–1.25
Private 0.75 0.70–0.80
Self-pay 1.05 0.92–1.20
No charge 0.82 0.60–1.12
Other 0.80 0.69–0.92

Charlson’s score
0 Reference
1–3 1.26 1.20–1.21
4–6 1.49 1.39–1.61
�7 2.06 1.70–2.50

Concomitant valve surgery 2.64 2.53–2.76
Percutaneous intervention 1.22 1.13–1.32
Cardiopulmonary bypass use 0.85 0.80–0.90
Prolonged mechanical ventilation 4.36 4.08–4.66
Cardiogenic shock 3.61 3.34–3.90
Use of balloon pump 4.53 4.29–4.78
Elective admission 0.83 0.80–0.87
Hospital location and teaching status

Rural Reference
Urban non-teaching 1.08 0.94–1.24
Urban teaching 1.12 0.97–1.30

Hospital bed-size
Small Reference
Medium 0.95 0.84–1.24
Large 0.97 0.87–1.07

Hospital region
Northeast Reference
Midwest 1.09 0.98–1.21
South 1.48 1.34–1.64
West 0.99 0.89–1.09

Year of admission
2000 Reference
2001 0.87 0.80–0.95
2002 0.84 0.75–0.93
2003 0.77 0.69–0.87
2004 0.66 0.58–0.74
2005 0.55 0.49–0.61
2006 0.51 0.46–0.57
2007 0.46 0.41–0.53
2008 0.46 0.40–0.53

(continued)

Table 3. (continued)

Characteristic OR 95% CI

2009 0.37 0.33–0.42
2010 0.35 0.30–0.41
2011 0.34 0.29–0.40
2012 0.27 0.24–0.32
2013 0.27 0.24–0.32
2014 0.26 0.22–0.30

Fig. 2. Adjusted probabilities for mortality by annual hospital CABG volume.

Fig. 3. Impact of annual hospital CABG volume on adjusted probabilities for mor-

tality by AKI-D. Interaction P¼0.5. OR for mortality for AKI-D (in comparison with

no AKI-D) is 7.58 (95% CI 6.81–8.44) at all arbitrarily selected reference points.
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which may lead to loss of information, especially if the relation-
ship with dependent and independent variable is nonlinear. In
contrast, splines use all data points and create a functional rep-
resentation of the shape of the relationship between dependent
and independent variables and are, therefore, the preferred
method of defining nonlinear relationships [13, 15]. Our results
are in contrast to the study by LaPar et al., where they found no
relationship of annual CABG volume, when used as a restricted
cubic spline, with mortality. However, they had restricted their
study to only the year 2008 [16]. The reasons for association
between annual CABG procedure volume and mortality are
likely multifactorial and include improved patient selection,
increased surgeon experience and better postoperative care.
The reasons may also include the fact that high-risk patients
are more likely to have CABG at relatively lower volume hospi-
tals, as described by Nallamothu et al. [5]. We did find that lower
volume hospitals had higher proportions of hospitalizations of
those with higher comorbidity burden (when hospital volume
was divided into tertiles, Charlson’s comorbidity index �4 was
seen in 3.9% of admissions in low-volume hospitals in compari-
son with 5.4% in medium-volume and 10.2% in high-volume
hospitals; P< 0.001).

Similar to previous literature, we also found AKI-D to be an
independent predictor of mortality [3]. The impact on AKI-D on
mortality was, however, not dependent on annual hospital
CABG volume. Higher volume centers with their increased expe-
rience can be presumed to have access to better facilities (for
example, access to continuous renal replacement therapy) and
better overall processes of care, which could translate into bet-
ter outcomes. Though we were unable to study the impact of
dialysis modalities (continuous versus intermittent) in this
study, they have not been shown to influence mortality [17–20].
That may partly explain the lack of effect of annual hospital
CABG volume on impact of AKI-D on inpatient mortality.
Further studies are needed to explore and understand this
relationship.

This study has some important limitations that merit con-
sideration. We have relied on ICD-9-CM codes to identify those
with CABG, and our results may, therefore, be susceptible to
variation in coding practices between providers and hospitals,
and over the years. The NIS database has, however, been vali-
dated for identifying CABG procedures using Medicare claims
data [21]. Similarly, the ICD-9 codes used have been demon-
strated to have excellent positive and negative predictive values
to identify patients with AKI-D [11]. Though we have used a
large, nationally representative dataset, it lacks the granularity
to assess variables such as cardiopulmonary bypass times,
bleeding, center experience in using dialysis, and variations in
perioperative and dialysis management, which could have
impacted our observations. The NIS does not include specific
patient identifiers, and therefore it is not possible to accurately
identify the impact of readmissions on our results. Another lim-
itation of our study is that the outcomes are only available until
the end of each index hospitalization. As NIS provides data only
for the duration of the hospitalization and lacks any patient
identifiers that can be used to link the data to other registries, it
is not possible to comment on the long-term mortality of these
patients. The experience and comfort level of each individual
provider can impact the timing and reasoning of dialysis initia-
tion. This, in turn, makes the interpretation of the observed
practice patterns as an indicator of outcome, rather difficult. In
addition, we were unable to assess the reasons for dialysis ini-
tiation due to lack of the data granularity. The database has
�20% missing data on patient’s race that limits further

exploration of the impact of race on outcomes. To ensure that
our technique for handling missing data did not significantly
impact our results, we performed regression analysis for both
AKI-D and mortality as dependent variables while using miss-
ing values of race as a separate level of race in the regression
model and found similar results. Finally, the time from admis-
sion to acute dialysis or CABG was missing in 29.3% of in
patients with AKI-D. Our results were, however, consistent
despite excluding these patients and restricting our sample to
only those who were confirmed not to have received acute dial-
ysis before the day of their CABG.

Our study using nationally representative data of those
undergoing CABG shows that progressive increase annual hos-
pital CABG volume is not associated with risk of developing
AKI-D but is significantly associated with risk of decline in mor-
tality, though the relationship is not linear. AKI-D is an impor-
tant predictor of mortality in those undergoing CABG and the
impact of AKI-D on mortality is not dependent on a hospital’s
annual CABG procedure volume.

Supplementary data

Supplementary data are available online at http://ckj.oxford
journals.org.
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