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Editors’ key points

† This study tested the
hypothesis that ethnicity
is an independent
predictor of postoperative
acute kidney injury (AKI)
in patients undergoing
cardiac surgery in a South
East Asian population.

† Ethnicity was shown to
be an independent
predictor of AKI after
cardiac surgery.

† Other clinical risk factors
that predicted AKI in this
study include
hypertension, diabetes
mellitus, and poor
EuroSCORE.

Background. Postoperative acute kidney injury (AKI) is a frequent and serious complication
after cardiac surgery. Clinical factors alone have failed to accurately predict the incidence of
AKI after cardiac surgery. Ethnicity has been shown to be a predictor of AKI in the Western
population. We tested the hypothesis that ethnicity is an independent predictor of AKI
in patients undergoing cardiac surgery in a South East Asian population.

Methods. A total of 1756 consecutive patients undergoing cardiac surgery were prospectively
recruited. Among them, data of 1639 patients met the criteria for analysis. There were 1182
Chinese, 195 Indian, and 262 Malay patients. The main outcome was postoperative AKI,
defined as a 25% or greater increase in preoperative to a maximum postoperative serum
creatinine level within 3 days after surgery.

Results. Five hundred and seventy-nine patients (35.3%) developed AKI after cardiac surgery.
Ethnicity was shown to be an independent predictor of AKI after cardiac surgery with Indians
and Malays having a higher risk of developing AKI when compared with Chinese patients
(odds ratio: Indian vs Chinese 1.44, Malay vs Chinese 1.51).

Conclusions. Indians and Malays have a higher risk of developing AKI after cardiac surgery
than Chinese in a South East Asian population. Ethnicity was shown to be an independent
predictor of AKI after cardiac surgery.
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Introduction
A significant number of patients undergoing cardiac surgery
worldwide experiences complications including acute kidney
injury (AKI).1 Post cardiac surgery AKI occurs in 5–30% of
patients, and up to 1% of patients that develop AKI will
require dialysis.1 2 The effect on patients and healthcare ser-
vices is amplified as even relatively modest degrees of post-
operative AKI were associated with increases in hospital
morbidity, mortality, and cost of care.3 Mortality exceeds
60% for patients requiring dialysis.2 4 Discharge to an
extended-care facility for survivors of a postoperative AKI is
increased two- to three-fold compared with those without
AKI.

Patient ethnicity in Western populations (Caucasians vs
African Americans) independently predicts post-cardiac
surgery AKI.5 The impact of ethnicity (Chinese vs Indians vs
Malays) on AKI in the South East Asian population is
however unknown. We tested the hypothesis that ethnicity
in this population has an independent association with AKI
in patients undergoing cardiac surgery, over and above

known risks of AKI such as increased age, diabetes, poor
cardiac reserves, hypertension, and prior cardiac failure.

Methods
With institutional review board approval, we prospectively
recruited 1756 patients who underwent cardiac surgery at
the two main heart centres in Singapore in 2009 and 2010.
Perioperative genetic, safety, and outcomes data were pro-
spectively collected and entered into a cardiac anaesthesia
database. Patients who were on either haemodialysis or
peritoneal dialysis were excluded. Other exclusion criteria
included history of emergency surgery and severe hepatic,
cerebrovascular (past history of stroke, transient ischaemic
attack, or carotid artery stenosis of .70%), or renal (pre-
operative serum creatinine .177 mmol litre21) disease.
Data extracted from the patients include patient characteris-
tics, risk factors, surgical data, and postoperative outcomes
up to 30 days post surgery.
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Perioperative renal data
Serum creatinine values were obtained daily from the pre-
operative day till discharge from the intensive care unit. Pre-
operative serum creatinine (CrPre) was the value obtained
closest to surgery. Peak serum creatinine (CrMax) was the
highest creatinine value obtained within the first 3 post-
operative days. The peak fractional change in postoperative
serum creatinine level (% DCr) was the primary outcome vari-
able used in the study, defined as the percentage of differ-
ence between preoperative serum creatinine and highest
postoperative value. This is a continuous variable generally
unaffected by baseline renal function. The serum creatinine
level is determined by using a dry-slide enzymatic reflect-
ance technique. Creatinine levels typically peak on the
second postoperative day and return to baseline by Day 5.

Perioperative anaesthesia, surgical, and perfusion
management
Perioperative surgical management and clinical practices at
the two heart centres were similar and followed international
standards. Typically, anaesthesia was induced with i.v. induc-
tion agents (etomidate or propofol) and maintained with
balanced anaesthesia regime of low-dose fentanyl (10–20
mg kg21) and volatile agents (primarily sevoflurane). Conven-
tional cardiopulmonary bypass circuits with roller pumps,
membrane oxygenators, heat exchangers, venous reservoirs,
cardiotomy suction, and arterial blood filters were used.
Perfusion targets were mild-to-moderate hypothermia
(32–358C), haematocrit levels of .22%, activated clotting
times of .400 s, glucose levels of ,10 mmol litre21, non-
pulsatile flow rate of 2.2 to 2.4 litre m22, and mean arterial
pressure of 50–70 mm Hg. Myocardial protection was
achieved with cold blood cardioplegia. Aprotinin was not
used in any of the patients.

Patient characteristic variables included several previously
reported risk factors for perioperative kidney injury after
cardiac surgery, including age, gender, cardiopulmonary
bypass time, weight, hypertension, history of diabetes, and
preoperative ejection fraction. Other variables included pre-
operative use of reno-active drugs such as angiotensin-
converting enzyme inhibitors and loop diuretics, and also
total cholesterol levels.

Statistical analysis
An initial, unadjusted analysis compared CrPre, CrMax, and
%DCr among the three major ethnic groups. Known patient
characteristic and surgical risk factors were also compared
with Student’s t-test for parametric data and x2 test for non-
parametric data. The association of the three major ethnic
groups with %DCr was then evaluated with the use of logistic
regression analysis. Significant patient characteristic and
surgical risk factors were added to the model, and non-
significant covariates were removed from the multi-variate
analysis in a stepwise manner. Post hoc pair-wise compari-
son between the ethnic groups was performed manually.

Analyses were performed with the use of SPSS 18.0 (SPSS,
Inc., Chicago, IL, USA); significance was judged at a¼0.05.

Results
Out of 1756 patients, 1639 patients met the criteria for ana-
lysis. One hundred and seventeen patients were not included
in the analysis because of incomplete data (11 patients) or
belonging to other ethnic groups (106 patients). Of 1639
patients, 1182 were Chinese, 262 were Malays, and 195
were Indians. Baseline clinical details are shown in Table 1.
Overall, 32.7% of Chinese, 42.7% of Malay, and 41% of
Indians developed AKI after cardiac surgery (Fig. 1). Those
who developed AKI were more likely to be older, female,
hypertensive, diabetic, and with poor ventricular function.
These patients also had longer cardiopulmonary bypass
times and aortic cross-clamping times (Table 2). A total
of 21 patients (1.3%) developed a new need for dialysis.
The creatinine level at discharge in patients with AKI
was 111.9+86.4 mmol litre21 (range: 30–903 mmol litre21).

Table 1 Clinical characteristics and acute kidney injury after
cardiac surgery. Figures are n (%) or mean+SD. AKI, acute kidney
injury; LVEF, left ventricular ejection fraction

AKI No AKI P-value

n 579 1060

Age (yr) 61.6+9.9 57.2+10.8 ,0.001

Female gender 147 (25.4%) 207 (19.5%) 0.006

History of hypertension 473 (81.7%) 744 (70.2%) ,0.001

Ethnicity

Chinese 387 (32.7%) 785 (67.3%)

Malay 112 (42.7%) 150 (57.3%) 0.002

Indian 80 (41%) 115 (59%)

History of diabetes mellitus 310 (53.5%) 445 (42%) ,0.001

LVEF 30–50% 198 (34.2%) 356 (33.6%) 0.812

LVEF ,30% 71 (12.3%) 69 (6.5%) ,0.001

EuroSCORE (logistic) 5.3+7.0 3.5+4.7 ,0.001

0%

20%

40%

60%

80%

100%

Chinese Malay Indian

No AKI AKI

Fig 1 The percentage of patients in each ethnic group that devel-
oped acute kidney injury after cardiac surgery.
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In about one-third (31.3%) of the patients with AKI, creatin-
ine levels remained elevated above the normal range at the
time of discharge. More significantly, 19.7% of the patients
with AKI had creatinine levels that remained at least 25%
higher than baseline at hospital discharge.

After multi-variate analysis, factors that affect AKI are
shown in Table 3. Ethnicity was shown to be an independent
predictor of AKI after cardiac surgery with Indians and
Malays having a higher risk of developing AKI when com-
pared with Chinese patients [odds ratio: Indian vs Chinese
1.44, Malay vs Chinese 1.51 (Fig. 1)].

Discussion
AKI is a significant cause of morbidity and mortality after
cardiac surgery. Clinical risk factors that predicted AKI in
this study include hypertension, diabetes mellitus, and poor
EuroSCORE; these are similar to previous reports.6 – 9 Add-
itionally, Indians and Malays have higher risks of developing
postoperative AKI than Chinese. This is the first reported
study linking ethnicity to AKI in a multiethnic South East
Asian society. A similar effect was demonstrated previously
in African Americans compared with Caucasians.5 This corro-
borates with increasing evidence that ethnicity plays a role in
atherosclerosis, coronary heart disease, and its associated
complications, including AKI.10 11 Currently, there is a lack
of effective therapy for AKI and even with aggressive
medical care and dialysis, the morbidity, mortality, and
costs of care are significantly increased. The finding that
ethnicity influences the incidence of post cardiac surgery
AKI poses an irreducible risk which is separate from the
usual risk factors quoted above. It is important to understand
the role of ethnicity in the pathogenesis of AKI after cardiac
surgery.

A possible causative mechanism involves the atheroscler-
otic pathway, in which patients who are genetically predis-
posed will develop atherosclerotic disease of not only the
cardiac vasculature but also the renal vasculature, leading
eventually to renal ischaemia and the development of AKI
during cardiac surgery. In the Study of Heart Assessment
and Risk in Ethnic Groups (SHARE), South Asians (including
Indians) were found to have a greater prevalence of

atherosclerosis. This increased risk has been found not only
in South Asians living in their countries of origin,12 but in
immigrants as well.13 14 The greater prevalence of athero-
sclerosis is an independent predictor of cardiovascular risk,
even after adjustment for conventional risk factors such as
lipid profile and diabetes mellitus. As our local population
of Indians are largely descendents of immigrants, it would
not be unreasonable to expect that this accelerated rate of
atherosclerosis that affects the coronary vasculature in
Indians can also affect the renal vasculature, hence predis-
posing the patient to AKI after cardiac surgery. On the
other hand, the Malays are native to the country and the
rate of atherosclerosis in this group has not been well
documented.

Ethnic differences impact the incidence of diabetes melli-
tus and its associated complications. Our study shows that
the incidence of diabetes mellitus is higher in our population
when compared with the West (46% vs 12–38%).15 More-
over, there are also inter-ethnic differences in the incidence
of diabetes mellitus within the local population with the
Indians and Malays having the higher incidence (64 and
58%, respectively) and Chinese patients having an incidence
of 41%, similar to a study conducted in Hong Kong which has
a predominantly Chinese population.16 Although the higher
incidence of diabetes mellitus can account for the higher in-
cidence of post cardiac surgery AKI in Indians and Malays,
ethnicity remains an independent predictor for development
of AKI even in the absence of diabetes. Numerous studies
have shown that South Asians have decreased sensitivity to
insulin when compared with other ethnic groups which
may be related to increased levels of visceral fat resulting
in a blunted response to insulin. Moreover, South Asians
may have a susceptibility to insulin resistance because of
genetic polymorphisms with higher prevalence of (PC-1)
K121Q and PPARGCIA in the South Asian population.17 – 22

The higher lipid and glucose abnormalities in the Indians
and Malays are associated with a higher degree of athero-
sclerosis and decreased stability of atherosclerotic plaques
in coronary vasculature.23 Diabetic native coronary arteries

Table 3 Results of multivariate logistic regression analysis of
significant ethnicity, clinical characteristics and operative data.
LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon
pump

Factor Odds ratio
(95% confidence interval)

P-value

History of diabetes
mellitus

1.248 (0.986–1.580) 0.026

History of
hypertension

1.391 (1.045–1.852) 0.024

Weight 1.023 (0.993–1.012) 0.395

LVEF ,30% 1.483 (0.983–2.236) 0.041

Use of IABP 1.928 (1.347–2.758) ,0.001

Malay vs Chinese 1.507 (1.113–2.040) 0.008

Indian vs Chinese 1.449 (1.026–1.058) 0.035

Table 2 Operative data and acute kidney injury after cardiac
surgery. Figures are n (%) or mean+SD. AKI, acute kidney injury;
IABP, intra-aortic balloon pump; CPB, cardiopulmonary bypass

AKI No AKI P-value

n 579 1060

Bypass time (min) 123+72 106+43 ,0.001

Aortic cross-clamping time
(min)

70+41 62+32 ,0.001

Number of vein grafts 3.0+0.9 2.9+0.9 0.124

Lowest haemotocrit during
CPB (%)

23.1+3.7 25.0+7.2 ,0.001

Use of IABP 102 (17.6%) 78 (7.5%) ,0.001
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are also inferior in quality to those of non-diabetic patients
undergoing coronary artery revascularization.24 25 It is not
inconceivable that these same mechanisms could exist in
the renal vasculature and in the prothrombotic environment
caused by the stress of surgery and cardiopulmonary bypass,
predisposing these patients to AKI.

Cardiac surgery incites a strong systemic inflammatory
response1 and it is possible that cardiopulmonary bypass in
Indians and Malays are especially deleterious to the renal
vasculature. This can involve numerous signal transduction
pathways, including endothelial dysfunction of the renal vas-
culature which is characterized by an impaired nitric oxide-
dependent and prostaglandin-dependent vasorelaxation.26 27

Adenosine-induced vasoconstriction of the afferent arter-
ioles, which occurs as a result of mitochondrial ATP hydrolysis
during renal ischaemia, is also markedly exacerbated in the
diabetic renal vasculature and causes a much more profound
ischaemia-induced reduction of renal blood flow when
compared with non-diabetic conditions. This apparent in-
crease in risk for developing AKI in the diabetic milieu is
linked to a higher sensitivity of the renal vasculature to
adenosine-induced renal vasoconstriction via adenosine
A1 receptors, as a result of a diminished renal prostaglandin-
and nitric oxide-dependent vasodilatory capacity.28 29 To
further strengthen the proinflammatory link, inflammatory
markers such as cytokines (such as TNFa, TGFb, and NFkB),
apoptotic markers, and nitric oxide will be studied subse-
quently to establish the link between the genetic predispos-
ition and the mediator through which the gene expresses
the outcome.

The major implications in our study are twofold. We have
reported that ethnicity is associated with the development
of AKI in patients subjected to the stresses of cardiac
surgery. This corroborates with previous studies and validates
that genetics play a role in the development of AKI post
cardiac surgery. Secondly, this study emphasizes the need
for ethnic-based data unique to each population group.
Using these data will enable clinicians to better manage
gene–environment interaction.

Our study has several strengths; it is a prospective study
of patients with similar cardiovascular risk factors subjected
to the same, predictable, and quantifiable stressor, namely
that of cardiac surgery and cardiopulmonary bypass in a con-
trolled environment of anaesthesia with intense monitoring
and follow up. Although socioeconomic factors can contribute
to the severity of disease, the major advantage in this study
is that the study population is relatively homogenous with
patients having ready and equal access to healthcare. This is
the first data comparing outcomes after cardiac surgery in
Chinese vs other ethnic groups in a South East Asian setting.
Interestingly, the published data by the predominantly
Chinese population from Hong Kong with a similar incidence
of diabetes mellitus did not show any significant increase in
mid- and long-term mortality after coronary artery bypass
grafting although AKI was not primarily studied.16

One of the challenges in studying AKI remains that of
a uniform definition. We chose to use the postoperative

change in serum creatinine levels as the index varies little
among patients with different baseline creatinine levels;
moreover, it correlates with relative reductions in renal filtra-
tion, is independently associated with adverse outcomes
after cardiac surgery, including mortality and morbidity, is
highly sensitive to perioperative renal insult, and is always
done as part of the routine postoperative laboratory
workup. Although the clinical significance of a 25% increase
in creatinine in the perioperative period is unknown, it is of
note that in about 20% of these patients, the creatinine
level remained elevated more than 25% above preoperative
creatinine at discharge. Brown and colleagues has shown
that not only is acute AKI associated with poor outcomes
after cardiac surgery, persistent AKI at discharge is also asso-
ciated with worse survival.30 Apart from mortality, the pro-
gression of the AKI to chronic kidney disease needs
attention and further studies. We postulate that by using
the cardiopulmonary bypass as a ‘real-time’ clinical stress
model and following up these patients long-term will dem-
onstrate whether these groups of patients will develop
chronic renal disease and end-stage renal disease over
time. In a population with a high incidence of diabetes
mellitus, this combination with renal ischaemia that devel-
ops during cardiopulmonary bypass can play a major role
in the subsequent development of diabetic nephropathy.
Long-term cohort studies of this ‘at risk’ group will reveal
the significance of the increase in serum creatinine during
the perioperative period and renal outcome in this group of
patients. As South Asians and Chinese represent over half
the world’s population, it is important to validate that the
same high-risk genetic polymorphisms that contribute to
AKI in the West are also validated in this population. This
will contribute to understanding of the pathogenesis of the
disease and thus risk modification.

In conclusion, we present the first evidence that ethnicity
is an independent risk factor for the development of
AKI after cardiac surgery in a South East Asian population.
Clinical and perioperative factors can only predict 5–10%
of the variability in AKI after cardiac surgery; hence our
study provides additional evidence for the increasing import-
ant role of ethnicity and genetic predisposition in affecting
the incidence of AKI after cardiac surgery. Further analysis
of the genetics in each ethnic group can identify new clues
to the pathogenesis of AKI and refine the risk profile specific
to each ethnic group and bring personalized risk stratification
closer to reality.

Acknowledgements
The authors acknowledge Ricardo Pietrobon, MD, PhD, MBA;
and Jatin Shah, BAMS, PDCR for their contributions to the
database management and data extraction.

Declaration of interest
None declared.

BJA Chew et al.

400

 by John V
ogel on February 22, 2013

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


http://bja.oxfordjournals.org/


Funding
This work was supported by the Khoo Research Grant (grant
number: R-913-200-023-304) from the Duke-NUS Graduate
Medical School, Singapore.

References
1 Rosner MH, Okusa MD. Acute kidney injury associated with cardiac

surgery. Clin J Am Nephrol 2006; 1: 19–32
2 Chertow GM, Levy EM, Hammermeister KE, Grover F, Daley J. Inde-

pendent association between acute renal failure and mortality
following cardiac surgery. Am J Med 1998; 104: 343–8

3 Lassnigg A, Schmidlin D, Mouhieddine M, et al. Minimal changes
of serum creatinine predict prognosis in patients after cardiothor-
acic surgery: a prospective cohort study. J Am Soc Nephrol 2004;
15: 1597–05

4 Levy EM, Viscoli CM, Horwitz RI. The effect of acute renal failure
on mortality. A cohort analysis. JAMA 1996; 275: 1489–94

5 Stafford-Smith M, Podgoreanu M, Swaminathan M, et al. Associ-
ation of genetic polymorphisms with risk of renal injury after
coronary bypass graft surgery. Am J Kidney Dis 2005; 45: 519–30

6 Mangos GJ, Brown MA, Chan WY, Horton D, Trew P, Whitworth JA.
Acute renal failure following cardiac surgery: incidence, outcomes
and risk factors. Aust N Z J Med 1995; 25: 284–9

7 Thakar CV, Liangos O, Yared JP, Nelson DA, Hariachar S,
Paganini EP. Predicting acute renal failure after cardiac surgery:
validation and re-definition of a risk stratification algorithm.
Hemodial Int 2003; 7: 143–7

8 Thakar CV, Arrigain S, Worley S, Yared JP, Paganini EP. Clinical
score to predict acute renal failure after cardiac surgery. J Am
Soc Nephrol 2005; 16: 162–8

9 Palomba H, de Castro I, Neto ALC, Lage S, Yu L. Acute kidney injury
prediction following elective cardiac surgery:AKICS score. Kidney
Int 2007; 72: 624–31

10 Fernandes VRS, Cheng S, Cheng YJ, et al. Racial and ethnic differ-
ences in subclinical myocardial function: the multi-ethnic study
of atherosclerosis. Heart 2011; 97: 405–10

11 Anand SS, Yusuf S, Vuksan V, et al. Differences in risk factors, ath-
erosclerosis, and cardiovascular disease between ethnic groups
in Canada: the Study of Health Assessment and Risk in Ethnic
groups (SHARE). Lancet 2000; 356: 279–84

12 Chaturvedi N. Ethnic differences in cardiovascular disease. Heart
2003; 89: 681–6

13 Sheth T, Nair C, Nargundkar M, Anand S, Yusuf S. Cardiovascular
and cancer mortality among Canadians of Europeans, south
Asian and Chinese origin from 1979 to 1993: an analysis of 1.2
million deaths. CMAJ 1999; 161: 132–8

14 McKeigue PM, Miller GJ, Marmot MG. coronary heart disease in
South Asians overseas: a review. J Clin Epidermiol 1989; 42:
597–609

15 Haffner SM. Epidemiology of type 2 diabetes: risk factors.
Diabetes Care 1998; 21: C3–6

16 Au WK, Lam KT, Cheng LC, Chiu SW. Impact of diabetes on early
and mid-term survival after coronary artery bypass graft surgery
in the Hong Kong Chinese population. Hong Kong Med J 2009; 15:
173–8

17 Raji A, Gerhard-Herman MD, Warren M, et al. Insulin resistance
and vascular dysfunction in non-diabetic Asian Indians. J Clin
Endocrinol Metab 2004; 89: 3965–72

18 Palaniappan LP, Kwan AC, Abbasi F, Lamendola C, McLaughlin TL,
Reaven GM. Lipoprotein abnormalities are associated with insulin
resistance in South Asian Indian women. Metabolism 2007; 56:
899–904

19 Hodge AM, Dowse GK, Collins VR, et al. Abdominal fat distribution
and insulin levels onlu partially explain adverse cardiovascular
risk profile in Asian Indians. J Cardiovasc Risk 1996; 3: 263–70

20 Abate N, Carulli L, Cabo-Chan A, Chandalia M, Snell PG,
Grundy SM. Genetic polymorphism PC-1 K121Q and ethnic
susceptibility to insulin resistance. J Clin Endocrinol Metab 2003;
88: 5927–34

21 Vimaleswaran KS, Radha V, Anjana M, et al. Effect of
polymorphisms in the PPARGC1A gene on body fat in Asian
Indians. Int J Obes 2006; 30: 884–91

22 Vimaleswaran KS, Radha V, Ghosh S, et al. Peroxisome
proliferator-activated receptor-g co-activator-1a (PGC-1a) gene
polymorphisms and their relationship to Type 2 diabetes in
Asian Indians. Diabetic Med 2005; 22: 1516–21

23 Bhopal R, Unwin N, White M, et al. Heterogeneity of coronary
heart disease risk factors in Indian, Pakistani, Bangladeshi,
and European origin populations: cross sectional study. Br
Med J 1999; 319: 215–20

24 Kip KE, Alderman EL, Bourassa MG, et al. Differential influence of
diabetes mellitus on increased jeopardized myocardium after
initial angioplasty or bypass surgery. Circulation 2002; 105:
1914–20

25 Schwartz L, Kip KE, Frye RL, Alderman EL, Schaff HV, Detre KM.
Coronary bypass graft patency in patients with diabetes in
the Bypass Angioplasty Revascularization Investigation (BARI).
Circulation 2002; 106: 2652–8

26 Sutton TA, Fisher CJ, Molitoris BA. Microvascular endothelial injury
and dysfunction during ischemic acute renal failure. Kidney Int
2002; 62: 1539–49

27 Gaudino M, Di Castelnuovo A, Zamparelli R, et al. Genetic control
of postoperative systemic inflammatory reaction and pulmonary
and renal complications after coronary artery surgery. J Thoracic
Cardiovasc Surg 2003; 126: 1107–12

28 Pflueger AC, Gross JM, Knox FG. Adenosine-induced renal
vasoconstriction in diabetes mellitus rats: role of prostaglandins.
Am J Physiol 1999; 277: R1410–7

29 Pflueger AC, Osswald H, Knox FG. Adenosine-induced renal
vasoconstriction in diabetes mellitus rats: role of nitric oxide.
Am J Physiol 1999; 276: F340–6

30 Brown JR, Kramer R, Parikh C. Duration of acute kidney injury
impacts long-term survival after cardiac surgery. Ann Thorac
Surg 2010; 90: 1142–9

Handling editor: M. M. R. F. Struys

Ethnicity and AKI after cardiac surgery BJA

401

 by John V
ogel on February 22, 2013

http://bja.oxfordjournals.org/
D

ow
nloaded from

 

http://bja.oxfordjournals.org/
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



