
Copyright 2014 American Medical Association. All rights reserved.

Perioperative Aspirin and Clonidine and
Risk of Acute Kidney Injury
A Randomized Clinical Trial
Amit X. Garg, MD, PhD; Andrea Kurz, MD; Daniel I. Sessler, MD; Meaghan Cuerden, MSc; Andrea Robinson, BSc; Marko Mrkobrada, MD;
Chirag R. Parikh, MD, PhD; Richard Mizera, MD; Philip M. Jones, MD, MSc; Maria Tiboni, MD; Adrià Font, MD; Virginia Cegarra, MD;
Maria Fernanda Rojas Gomez, MD; Christian S. Meyhoff, MD, PhD; Tomas VanHelder, MD, PhD; Matthew T. V. Chan, MBBS; David Torres, MD, MSc;
Joel Parlow, MD, MSc; Miriam de Nadal Clanchet, MD, PhD; Mohammed Amir, MBBS; Seyed Javad Bidgoli, MD; Laura Pasin, MD; Kristian Martinsen, MD;
German Malaga, MD, MSc; Paul Myles, MD, MPH; Rey Acedillo, MD; Pavel S. Roshanov, MSc; Michael Walsh, MD, PhD; George Dresser, MD, PhD;
Priya Kumar, MD; Edith Fleischmann, MD; Juan Carlos Villar, MD, PhD; Thomas Painter, MBChB; Bruce Biccard, MD, PhD; Sergio Bergese, MD;
Sadeesh Srinathan, MD, MSc; Juan P. Cata, MD; Vincent Chan, MD; Bhupendra Mehra, MBBS, MS; Duminda N. Wijeysundera, MD, PhD; Kate Leslie, MD;
Patrice Forget, MD, PhD; Richard Whitlock, MD, PhD; Salim Yusuf, DPhil; P. J. Devereaux, MD, PhD; for the POISE-2 Investigators

IMPORTANCE Acute kidney injury, a common complication of surgery, is associated with poor
outcomes and high health care costs. Some studies suggest aspirin or clonidine administered
during the perioperative period reduces the risk of acute kidney injury; however, these effects
are uncertain and each intervention has the potential for harm.

OBJECTIVE To determine whether aspirin compared with placebo, and clonidine compared
with placebo, alters the risk of perioperative acute kidney injury.

DESIGN, SETTING, AND PARTICIPANTS A 2 × 2 factorial randomized, blinded, clinical trial of
6905 patients undergoing noncardiac surgery from 88 centers in 22 countries with
consecutive patients enrolled between January 2011 and December 2013.

INTERVENTIONS Patients were assigned to take aspirin (200 mg) or placebo 2 to 4 hours
before surgery and then aspirin (100 mg) or placebo daily up to 30 days after surgery, and
were assigned to take oral clonidine (0.2 mg) or placebo 2 to 4 hours before surgery, and then
a transdermal clonidine patch (which provided clonidine at 0.2 mg/d) or placebo patch that
remained until 72 hours after surgery.

MAIN OUTCOMES AND MEASURES Acute kidney injury was primarily defined as an increase in
serum creatinine concentration from the preoperative concentration by either an increase of
0.3 mg/dL or greater (�26.5 μmol/L) within 48 hours of surgery or an increase of 50% or
greater within 7 days of surgery.

RESULTS Aspirin (n = 3443) vs placebo (n = 3462) did not alter the risk of acute kidney injury
(13.4% vs 12.3%, respectively; adjusted relative risk, 1.10; 95% CI, 0.96-1.25). Clonidine
(n = 3453) vs placebo (n = 3452) did not alter the risk of acute kidney injury (13.0% vs 12.7%,
respectively; adjusted relative risk, 1.03; 95% CI, 0.90-1.18). Aspirin increased the risk of major
bleeding. In a post hoc analysis, major bleeding was associated with a greater risk of subsequent
acute kidney injury (23.3% when bleeding was present vs 12.3% when bleeding was absent;
adjusted hazard ratio, 2.20; 95% CI, 1.72-2.83). Similarly, clonidine increased the risk of clinically
important hypotension. In a post hoc analysis, clinically important hypotension was associated
with a greater risk of subsequent acute kidney injury (14.3% when hypotension was present vs
11.8% when hypotension was absent; adjusted hazard ratio, 1.34; 95% CI, 1.14-1.58).

CONCLUSIONS AND RELEVANCE Among patients undergoing major noncardiac surgery, neither
aspirin nor clonidine administered perioperatively reduced the risk of acute kidney injury.
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A bout 10% of the 200 million adults estimated to un-
dergo major noncardiac surgery each year develop
acute kidney injury (a sudden loss of kidney function

defined by an acute increase in serum creatinine concentra-
tion of ≥50% or an acute increase of ≥0.3 mg/dL [≥26 μmol/L]),
and 0.5% will receive dialysis treatments for the most severe
forms of acute kidney injury.1,2 Perioperative acute kidney in-
jury is associated with poor outcomes, long hospital stays, and
high health care costs.3,4

Early promising animal, human, and randomized clinical
trial data suggest a commonly used antiplatelet (aspirin) or the
centrally acting α2-adrenergic agonist clonidine, adminis-
tered during the perioperative period, may reduce the risk of
acute kidney injury.5-16 However, these effects are uncertain
and each intervention has the potential for harm (periopera-
tive bleeding with aspirin and perioperative hypotension with
clonidine), which could increase the risk of acute kidney
injury.17-20 Among persons who take aspirin as part of a long-
term regimen, aspirin is not administered during the peri-
operative period in some but is continued in others.21

We designed and conducted a substudy of the Periopera-
tive Ischemia Evaluation-2 (POISE-2) trial to determine whether
the risk of acute kidney injury after noncardiac surgery is al-
tered by aspirin compared with placebo and clonidine com-
pared with placebo.

Methods
Main POISE-2 Trial
POISE-2 is randomized trial that used a 2 × 2 factorial design
to allow separate evaluation of low-dose aspirin vs placebo and
low-dose clonidine vs placebo in 10 010 patients undergoing
noncardiac surgery.22 Enrolled patients had a moderate to high
risk of a perioperative cardiac event and were expected to stay
at least 1 night in the hospital after surgery (eligibility criteria
detailed in eTable 1 in the Supplement, which included evi-
dence of a baseline systolic blood pressure ≥105 mm Hg and
heart rate ≥55 beats/min). Patients, clinicians, data collec-
tors, and outcome adjudicators were blinded to the alloca-
tion of each intervention. The primary outcome of POISE-2 was
a composite of 30-day mortality or nonfatal myocardial infarc-
tion, which was reported elsewhere.23,24 In summary, nei-
ther aspirin nor clonidine administered perioperatively al-
tered the risk of this composite outcome. Major bleeding was
more common with aspirin compared with placebo; clini-
cally important hypotension was more common with clonidine
compared with placebo (both outcomes defined in eTable 2 in
the Supplement).

POISE-2 Acute Kidney Injury Substudy
The prespecified protocol and analysis plan for this POISE-2
acute kidney injury substudy was published.25 We justify mi-
nor deviations from the published protocol and the current re-
port in eTable 3 in the Supplement. Regional ethics boards ap-
proved the kidney data collection in centers that agreed to
study participation, and all patients provided written in-
formed consent.

Substudy Eligibility Criteria
After receipt of grant funding, 88 of 135 POISE-2 sites agreed
to participate in this substudy. Between January 2011 and De-
cember 2013 consecutive patients at POISE-2 participating sites
were enrolled into this substudy. A small number of patients
were ineligible for the study due to the following reasons:
(1) had end-stage renal disease prior to randomization (ie, es-
timated glomerular filtration rate [GFR] <15 mL/min per 1.73
m2 as determined by the equation from the Chronic Kidney Dis-
ease Epidemiology Collaboration26 or receipt of long-term di-
alysis; assessment of acute kidney injury no longer relevant);
(2) missing a prerandomization serum creatinine measure-
ment (this is needed to define acute kidney injury); or (3) never
proceeded to surgery for various reasons (no postoperative se-
rum creatinine measurements). Among the 2860 patients from
POISE-2 who were not assessed for substudy eligibility, 1547
were randomized before this substudy started and 1313 were
from nonparticipating sites.

Interventions
Patients were assigned to take aspirin (200 mg) or matched pla-
cebo 2 to 4 hours before surgery and then aspirin (100 mg) or
matched placebo daily after surgery for either 7 days (for those
taking long-term aspirin) or 30 days (for those not taking long-
term aspirin); patients resumed any routine aspirin use after
this time. Patients who took long-term aspirin discontinued
its use for at least 3 days before surgery.

Patients were also assigned to take oral clonidine (0.2 mg)
or placebo 2 to 4 hours before surgery, and then a transder-
mal clonidine patch (which provided clonidine at 0.2 mg/d) or
placebo patch that remained until 72 hours after surgery. The
protocol instructed study personnel to measure blood pres-
sure and heart rate 1 hour after the first dose of clonidine or
placebo, and then every 4 hours for the first 96 hours after sur-
gery. Study personnel encouraged removal of the patient’s
patch in the presence of clinically important hypotension or
bradycardia that did not respond to initial treatment (eg, a fluid
bolus). Attending physicians made all medical decisions, in-
cluding those regarding discontinuation of any study drugs.
The study centers were encouraged to instruct patients not to
take their usual antihypertensive medications on the morn-
ing of surgery. Study personnel were asked to review vital signs
in the presurgical area, report the results to the anesthetist, and
ask the anesthetist whether a patient should receive his/her
usual antihypertensive medications and, if he/she should, what
dose he/she should receive.

Substudy Outcomes and Measurements
The primary outcome was acute kidney injury as defined in
recent guidelines, which was an increase in serum creatinine
concentration from the preoperative (prerandomization)
concentration by either an increase of 0.3 mg/dL or greater
(≥26.5 μmol/L) within 48 hours of surgery or an increase of
50% or greater within 7 days of surgery.27 The preoperative
serum creatinine concentration was obtained within 6 weeks
before surgery.

The secondary outcomes were the stage of acute kidney
injury as defined in recent guidelines and our prespecified
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protocol.25,27 The 2 separate outcomes of severe acute kidney
injury were receipt of dialysis within 30 days of surgery and
stage 3 acute kidney injury. The following criteria were used
to define stage 3 acute kidney injury: (1) a postoperative per-
centage increase in serum creatinine concentration of 200%
or greater from the preoperative concentration within 7 days
of surgery, (2) an increase in postoperative serum creatinine
concentration of at least 0.3 mg/dL or greater (≥26.5 μmol/L)
to an absolute value of 4.0 mg/dL or greater (≥353.6 μmol/L)
within 7 days of surgery, or (3) receipt of dialysis within 30 days
of surgery. The other secondary outcomes specified in our
protocol were the perioperative percentage change in serum
creatinine concentration within 7 days {[(peak postoperative
serum creatinine concentration within 7 days of surgery – pre-
operative serum creatinine concentration)/preoperative
serum creatinine concentration] × 100}, and the periopera-
tive absolute change in serum creatinine concentration within
7 days (peak postoperative serum creatinine concentration
within 7 days of surgery – preoperative serum creatinine con-
centration).

To reduce concerns about differential ascertainment of
acute kidney injury between the intervention groups, all cen-
ters were encouraged to measure serum creatinine on post-
operative days 1, 2, and 3 (while patients remained in the hos-
pital), and then to perform further measurements as per routine
care. Study personnel recorded the serum creatinine concen-
trations from the hospital stay. All surviving patients had a fol-
low-up telephone interview 30 days after surgery to assess post-
operative events that occurred after hospital discharge but
within 30 days of surgery.

Randomization Procedures
With the use of a computerized Internet randomization sys-
tem (which concealed the random allocation), patients under-
going noncardiac surgery were randomly assigned in a 1:1:1:1
ratio to receive clonidine and aspirin, clonidine and aspirin pla-
cebo, clonidine placebo and aspirin, or clonidine placebo and
aspirin placebo. The randomization was stratified by site and
whether patients were routinely taking aspirin long-term prior
to randomization.

Statistical Analyses
Results were analyzed per the prespecified protocol. We con-
ducted all statistical analyses according to the intention-to-
treat principle (ie, as randomized, not as treated) using SAS ver-
sion 9.2 (SAS Institute Inc).

We conducted modified Poisson regression accounting for
center to estimate the relative risk (RR) (with 95% confidence
interval) of acute kidney injury comparing intervention with
placebo.28,29 We conducted linear regression analyses to re-
port the perioperative percentage change in serum creatinine
concentration and the perioperative absolute change in se-
rum creatinine concentration. In adjusted analyses, esti-
mates of aspirin vs placebo and clonidine vs placebo on acute
kidney injury were adjusted for 17 prespecified covariates as-
sessed prior to surgery (listed in eTable 4 in the Supplement).
We also adjusted for the random allocation of aspirin or pla-
cebo and clonidine or placebo in each alternate intervention

analysis. Some alternate definitions of acute kidney injury had
a limited number of events and we were unable to obtain an
adjusted RR estimate using modified Poisson regression (be-
cause the model fit was not adequate or the model did not con-
verge). In such circumstances, we used the Cochran-Mantel-
Haenszel method to obtain a combined unadjusted RR across
center strata.30

We report the results using multiple imputation, al-
though few patients were missing postoperative serum cre-
atinine measurements (<5% of patients) and other methods of
handling this missing data produced similar results (see Re-
sults section). We used a logistic regression model with mul-
tiple imputation to estimate the presence of the primary defi-
nition of acute kidney injury for patients with a missing serum
creatinine measurement after surgery, under the assumption
that the outcome was missing at random (PROC MI in SAS;
eTable 3 in the Supplement).31,32 All prespecified covariates
used in adjusted analyses (none of which had missing data),
as well as the aspirin and clonidine allocations, were used in
the imputation model. Five imputed data sets were devel-
oped, analyzed separately, and then combined using stan-
dard methods (PROC MIANALYZE in SAS) to estimate the num-
ber of events in each group and the RR of the event (with 95%
confidence interval) for the intervention vs placebo. A simi-
lar approach was used for the analysis of each secondary defi-
nition of acute kidney injury. A linear regression model was
used to impute the continuous outcome of missing peak se-
rum creatinine in the 7 days after surgery.

Results in the aspirin trial were assessed in following 2 pre-
defined subgroups (through use of an interaction term in each
model as described elsewhere25): (1) the presence or absence
of preoperative chronic kidney disease as defined by a preran-
domization estimated GFR category of 60 mL/min per 1.73 m2

or less (we hypothesized a greater RR reduction in patients with
preoperative chronic kidney disease33), and (2) the presence
or absence of a history of long-term aspirin use prior to ran-
domization (we anticipated a greater RR reduction in pa-
tients with a history of long-term aspirin use given the poten-
tial for greater susceptibility to thrombosis after aspirin
discontinuation34). Results in the clonidine trial were as-
sessed in the following predefined subgroup: the presence or
absence of preoperative chronic kidney disease, with no pre-
specified hypothesis.

With the enrollment of 6905 patients, we had 88% power
to detect a 20% RR reduction in acute kidney injury with each
intervention vs placebo (assuming a 2-tailed α level of .05 with
each comparison, 5% loss to measurement, and an incidence
of 12% in the placebo groups).

We conducted 4 other prespecified analyses.25 First, we as-
sessed adherence to the study drugs. Second, we assessed the
possibility of differential ascertainment of acute kidney in-
jury between our study groups. Third, as recorded in POISE-2,
the category of major urological or gynecological surgery in-
cluded the procedure of nephrectomy, which alters postop-
erative serum creatinine concentration for reasons other than
acute kidney injury; therefore, we repeated the primary analy-
ses excluding this surgical category. Fourth, emergent and ur-
gent surgeries have the potential for evolving acute kidney in-
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jury prior to randomization; we repeated the primary analyses
excluding these types of surgery.

We conducted 2 post hoc analyses. First, we assessed the
use of nonstudy medications within the first 3 days after sur-
gery in each of our groups. Second, we performed a multivari-
able analysis investigating the potential factors associated with
perioperative acute kidney injury, including major bleeding and
clinically important hypotension as time-dependent covari-
ates (definitions in eTable 2 in the Supplement).

Results
Patient Enrollment and Baseline Characteristics
Figure 1 is a flow diagram of patient enrollment, allocation, fol-
low-up, and analysis. Of the 7150 patients in the POISE-2 study

assessed for substudy eligibility, 245 were excluded due to hav-
ing end-stage renal disease prior to randomization (1.7% pa-
tients; n = 63 aspirin vs n = 56 placebo, n = 61 clonidine vs
n = 58 placebo), missing a prerandomization serum creati-
nine measurement (1.2% patients; n = 43 aspirin vs n = 46 pla-
cebo, n = 52 clonidine vs n = 37 placebo), or never had sur-
gery (0.5% patients; n = 21 aspirin vs n = 16 placebo, n = 15
clonidine vs n = 22 placebo). The remaining 6905 patients en-
rolled in this substudy were from 88 centers in 22 countries.
Among these, 3443 patients were randomly assigned to aspi-
rin vs 3462 to placebo and 3453 to clonidine vs 3452 to pla-
cebo. The median time from randomization to surgery was 2
hours (interquartile range [IQR], 1-3 hours).

Baseline characteristics for both interventions are pre-
sented in Table 1. Almost half (43%) of patients were taking
aspirin long-term prior to randomization. Patients who took

Figure 1. Patient Enrollment, Allocation, Follow-up, and Analysis for Substudy of the Perioperative Ischemia Evaluation-2 (POISE-2) Trial

23 499 Excluded
10 329 Patient refused to participate

4735 Patient not identified prior
to surgery

3569 Physician refused to participate
4866 Other reasons

245 Excluded
119 End-stage renal disease
89 Prerandomization serum creatinine

measurement missing
37 Never had surgery

2860 Excluded from substudy eligibility
assessment because recruitment occurred
at nonparticipating site (47 sites) or at
participating sites prior to substudy initiation

33 509 Patients assessed for eligibility

10 010 Randomized to POISE-2 trial
(135 sites)

7150 Patients assessed for eligibility in
POISE-2 kidney substudy (88 sites)

1399 Received ≥80% of study aspirin
1568 Received ≥80% of study clonidine
1650 Provided a creatinine

measurement

1366 Received ≥80% of study aspirin
1560 Received ≥80% of study clonidine

placebo
1638 Provided a creatinine

measurement

1416 Received ≥80% of study aspirin
placebo

1586 Received ≥80% of study clonidine
1659 Provided a creatinine

measurement

1424 Received ≥80% of study aspirin
placebo

1567 Received ≥80% of study clonidine
placebo

1638 Provided a creatinine measurement

1718 Included in primary analysis 1725 Included in primary analysis 1735 Included in primary analysis 1727 Included in primary analysis

6905 Randomized

1718 Randomized to receive aspirin
and clonidine

971 Were not taking aspirin
747 Had been taking aspirin

1725 Randomized to receive aspirin
and clonidine placebo

975 Were not taking aspirin
750 Had been taking aspirin

1727 Randomized to receive aspirin
placebo and clonidine placebo

981 Were not taking aspirin
746 Had been taking aspirin

1735 Randomized to receive aspirin
placebo and clonidine

985 Were not taking aspirin
750 Had been taking aspirin

1695 Received aspirin prior to surgery
1683 Received clonidine prior to

surgery

1707 Received aspirin prior to surgery
1687 Received clonidine placebo prior

to surgery

1704 Received aspirin placebo prior
to surgery

1691 Received clonidine placebo
prior to surgery

1723 Received aspirin placebo prior
to surgery

1704 Received clonidine prior to surgery
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Table 1. Baseline Characteristics of Patients in the POISE-2 Kidney Substudy

No. (%) of Patientsa

Aspirin Trial Clonidine Trial

Aspirin
(n = 3443)

Placebo
(n = 3462)

Clonidine
(n = 3453)

Placebo
(n = 3452)

Age, mean (SD), y 69.3 (9.9) 69.1 (10.0) 69.1 (10.0) 69.2 (9.9)

Women 1635 (47.5) 1601 (46.2) 1607 (46.5) 1629 (47.2)

Body mass index, mean (SD)b 29.6 (7.5) 29.9 (7.2) 29.9 (7.6) 29.7 (7.1)

Year of randomization

2011 634 (18.4) 660 (19.1) 648 (18.8) 646 (18.7)

2012 1341 (39.0) 1343 (38.8) 1334 (38.6) 1350 (39.1)

2013 1468 (42.6) 1459 (42.1) 1471 (42.6) 1456 (42.2)

Location

North America 1888 (54.8) 1873 (54.1) 1888 (54.7) 1873 (54.3)

South America 321 (9.3) 316 (9.1) 306 (8.9) 331 (9.6)

Europe 705 (20.5) 726 (21.0) 714 (20.7) 717 (20.8)

Asia 250 (7.3) 260 (7.5) 257 (7.4) 253 (7.3)

Australia and New Zealand 198 (5.8) 204 (5.9) 205 (5.9) 197 (5.7)

Africa 81 (2.4) 83 (2.4) 83 (2.4) 81 (2.4)

Medical history

Cardiovascular diseasec 1070 (31.1) 1074 (31.0) 1068 (30.9) 1076 (31.2)

Coronary artery disease 737 (21.4) 713 (20.6) 738 (21.4) 712 (20.6)

Stroke 162 (4.7) 193 (5.6) 184 (5.3) 171 (5.0)

Peripheral vascular disease 304 (8.8) 291 (8.4) 293 (8.5) 302 (8.8)

History of smoking within 2 y of surgery 900 (26.1) 884 (25.5) 892 (25.8) 892 (25.8)

Diabetes 1234 (35.8) 1255 (36.3) 1272 (36.8) 1217 (35.3)

Hypertension 2938 (85.3) 3010 (86.9) 2949 (85.4) 2999 (86.9)

Atrial fibrillation 80 (2.3) 80 (2.3) 79 (2.3) 81 (2.4)

Long-term use of aspirin therapy 1497 (43.5) 1496 (43.2) 1497 (43.4) 1496 (43.4)

Medication use 7 d-6 h prior to surgery

COX-2 inhibitor, NSAID, or non–COX-2 inhibitor 476 (13.8) 483 (14.0) 489 (14.2) 470 (13.6)

Statin 1651 (48.0) 1641 (47.4) 1669 (48.3) 1623 (47.0)

ACE inhibitor, ARB, or direct renin inhibitor 2052 (59.6) 2057 (59.4) 2042 (59.1) 2067 (59.9)

Antihypertensive agentd 1619 (47.0) 1668 (48.2) 1643 (47.6) 1644 (47.6)

Medication use <6 h prior to surgery

COX-2 inhibitor, NSAID, or non–COX-2 inhibitor 323 (9.4) 325 (9.4) 330 (9.6) 318 (9.2)

Statin 318 (9.2) 284 (8.2) 324 (9.4) 278 (8.1)

ACE inhibitor, ARB, or direct renin inhibitor 339 (9.9) 304 (8.8) 312 (9.0) 331 (9.6)

Antihypertensive agentd 776 (22.5) 819 (23.7) 814 (23.6) 781 (22.6)

Overall estimated glomerular filtration rate,
mean (SD), mL/min per 1.73 m2

75 (20) 75 (21) 75 (20) 75 (21)

Estimated glomerular filtration rate >60 mL/min
per 1.73 m2

No. (%) 2635 (76.5) 2620 (75.7) 2645 (76.6) 2610 (75.6)

Mean (SD), mL/min per 1.73 m2 83 (13) 84 (13) 84 (13) 84 (13)

Estimated glomerular filtration rate ≤60 mL/min
per 1.73 m2

No. (%) 808 (23.5) 842 (24.3) 808 (23.4) 842 (24.4)

Mean (SD), mL/min per 1.73 m2 47 (10) 46 (10) 47 (10) 46 (10)

Estimated glomerular filtration rate ≤45 mL/min
per 1.73 m2

313 (9.1) 319 (9.2) 288 (8.3) 344 (10.0)

Estimated glomerular filtration rate ≤30 mL/min
per 1.73 m2

60 (1.7) 73 (2.1) 65 (1.9) 68 (2.0)

(continued)
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aspirin long-term prior to randomization discontinued it a
median of 7 days (IQR, 4-8 days) before surgery. The mean
prerandomization estimated GFR was 75 mL/min per 1.73 m2

with 8% to 10% of patients in each group having an estimated
GFR of 45 mL/min per 1.73 m2 or less. The highest preran-
domization serum creatinine measurement was 3.7 mg/dL
(325 μmol/L) and the lowest prerandomization estimated
GFR was 16 mL/min per 1.73 m2. Differences in baseline char-
acteristics between all patients in the POISE-2 trial and those
enrolled in the kidney substudy are shown in eTable 5 in the
Supplement.

Perioperative Aspirin and the Primary Definition
of Acute Kidney Injury
Aspirin (n = 3443) vs placebo (n = 3462) did not alter the risk
of the primary definition of acute kidney injury (462 patients
[13.4%] vs 426 patients [12.3%], respectively; unadjusted RR,
1.09 [95% CI, 0.95-1.24]; adjusted RR, 1.10 [95% CI, 0.96-1.25])
(Table 2). The primary results were similar when any missing
peak postoperative serum creatinine measurement was im-
puted as the same value as the baseline serum creatinine mea-
surement, or when the analysis was restricted to complete data
(eTable 6 in the Supplement).

Perioperative Clonidine and the Primary Definition
of Acute Kidney Injury
Clonidine (n = 3453) vs placebo (n = 3452) did not alter the risk
of the primary definition of acute kidney injury (449 patients
[13.0%] vs 439 patients [12.7%], respectively; unadjusted RR,
1.02 [95% CI, 0.89-1.17]; adjusted RR, 1.03 [95% CI, 0.90-1.18])
(Table 2). The primary results were similar when any missing
peak postoperative serum creatinine measurement was im-
puted as the same value as the baseline serum creatinine mea-

surement, or when the analysis was restricted to complete data
(eTable 6 in the Supplement).

Perioperative Aspirin and Secondary Definitions
of Acute Kidney Injury
The effects of aspirin were also consistent with multiple sec-
ondary categorical definitions of acute kidney injury, which
included a composite outcome of acute kidney injury or death
(Table 2). Within 30 days of surgery, 19 of 3443 patients (0.6%)
assigned to aspirin were treated with dialysis for severe acute
kidney injury, with a corresponding number of 9 of 3462 pa-
tients (0.3%) assigned to placebo (adjusted RR, 2.17; 95% CI,
0.98-4.81).

The mean percentage increase in serum creatinine con-
centration was 11% with aspirin vs 11% with placebo, with no
statistical difference in the percentage change in serum cre-
atinine concentration between the 2 groups (adjusted mean
−0.7% [95% CI, −2.9% to 1.5%]; eFigure 1 in the Supplement).
Similarly, the mean absolute increase in serum creatinine
concentration was 8 μmol/L with aspirin vs 8 μmol/L with
placebo, with no difference in the absolute change in serum
creatinine concentration between the 2 groups (adjusted
mean, 0.2 μmol/L [95% CI, −1.6 to 2.1 μmol/L]; eFigure 2 in
the Supplement).

Perioperative Clonidine and Secondary Definitions
of Acute Kidney Injury
The effects of clonidine were consistent with multiple sec-
ondary categorical definitions of acute kidney injury, which
included a composite outcome of acute kidney injury or death
(Table 2). Severe (stage 3) acute kidney injury was evident in
47 of 3453 patients (1.4%) assigned to clonidine and 29 of 3452
patients (0.8%) assigned to placebo (adjusted RR, 1.62; 95% CI,

Table 1. Baseline Characteristics of Patients in the POISE-2 Kidney Substudy (continued)

No. (%) of Patientsa

Aspirin Trial Clonidine Trial

Aspirin
(n = 3443)

Placebo
(n = 3462)

Clonidine
(n = 3453)

Placebo
(n = 3452)

Surgery

Urgent or emergency 221 (6.4) 236 (6.8) 223 (6.5) 234 (6.8)

Major vasculare 168 (4.9) 171 (4.9) 163 (4.7) 176 (5.1)

Major thoracic 171 (5.0) 176 (5.1) 172 (5.0) 175 (5.1)

Otherf 3104 (90.2) 3115 (90.0) 3118 (90.3) 3101 (89.8)

Major urological or gynecological 413 (12.0) 418 (12.1) 414 (12.0) 417 (12.1)

Allocated therapy

Clonidine 1718 (49.9) 1735 (50.1) 3453 (100) 0

Aspirin 3443 (100) 0 1718 (49.8) 1725 (50.0)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; COX-2, cyclooxygenase 2; NSAID, nonsteroidal anti-inflammatory drug;
POISE-2, Perioperative Ischemia Evaluation-2.
a Characteristics were assessed prior to randomization except for

baseline medications, which were assessed prior to surgery. Data
were complete except for body mass index, which are missing in 0.5%
of patients.

b Calculated as weight in kilograms divided by height in meters squared.

c Included coronary artery disease, peripheral vascular disease, or stroke. Some
patients had both coronary artery disease and stroke.

d A rate-controlling calcium channel blocker, dihydropyridine calcium channel
blocker, or a β-blocker.

e Included all types of vascular surgery except for arteriovenous access creation
for dialysis, vein stripping, and carotid endarterectomy.

f Included major urological or gynecological surgery, which was used in
additional analyses (see Results section).
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1.02-2.58). A total of 18 of 3453 patients (0.5%) assigned to
clonidine received dialysis treatments for severe acute kid-
ney injury, with a corresponding number of 10 of 3452 pa-
tients (0.3%) assigned to placebo (adjusted RR, 1.80; 95% CI,
0.83-3.90).

The mean percentage increase in serum creatinine con-
centration was 11% with clonidine vs 11% with placebo, with
no statistical difference in the percentage change in serum
creatinine concentration between the groups (adjusted
mean, 0.7% [95% CI, −1.5% to 3.0%]; eFigure 1 in the Supple-
ment). Similarly, the mean absolute increase in serum creati-
nine concentration was 8 μmol/L with clonidine vs 8 μmol/L

with placebo, with no difference in the absolute change in
serum creatinine concentration between the 2 groups (ad-
justed mean, 0.3 μmol/L [95% CI, −1.6 to 2.2 μmol/L]; eFigure
2 in the Supplement).

Prespecified Subgroup Analyses
The RR of acute kidney injury with aspirin vs placebo was not
statistically different in those with vs those without preop-
erative chronic kidney disease (P = .53 for interaction, Figure 2),
or in those who were vs those who were not taking aspirin long-
term prior to randomization (P = .45 for interaction, Figure 2).
Within each of the 2 subgroups a similar nonsignificant dif-

Table 2. Perioperative Low-Dose Aspirin and Perioperative Low-Dose Clonidine and the Risk of Acute Kidney Injury (AKI) in the Setting
of Noncardiac Surgery

No. (%) of Eventsa Relative Risk (95% CI)

P Valuee
Aspirin

(n = 3443)
Placebo

(n = 3462)b Unadjustedc Adjustedd

AKIf 462 (13.4) 426 (12.3) 1.09 (0.95-1.24) 1.10 (0.96-1.25) .17

AKI or deathg 464 (13.5) 428 (12.4) 1.09 (0.95-1.24) 1.10 (0.96-1.25) .17

AKI for at least 2 dh 248 (7.2) 228 (6.6) 1.09 (0.91-1.31) 1.11 (0.93-1.33) .26

≥Stage 2 AKIi 108 (3.1) 107 (3.1) 1.02 (0.78-1.33) 1.04 (0.79-1.36) .79

Stage 3 AKIj 40 (1.2) 36 (1.0) 1.11 (0.70-1.75) 1.13 (0.72-1.79) .59

Acute dialysis within 30 d
of surgeryk

19 (0.6) 9 (0.3) 2.12 (0.96-4.68) 2.17 (0.98-4.81) .05

Clonidine
(n = 3453)

Placebo
(n = 3452)b

Unadjustedc Adjustedl

AKIf 449 (13.0) 439 (12.7) 1.02 (0.89-1.17) 1.03 (0.90-1.18) .68

AKI or deathm 451 (13.1) 441 (12.7) 1.02 (0.89-1.17) 1.03 (0.90-1.18) .67

AKI for at least 2 dh 237 (6.9) 239 (6.9) 0.99 (0.82-1.19) 1.00 (0.83-1.20) .96

≥Stage 2 AKIi 110 (3.2) 105 (3.0) 1.05 (0.80-1.37) 1.05 (0.81-1.38) .71

Stage 3 AKIj 47 (1.4) 29 (0.8) 1.61 (1.01-2.56) 1.62 (1.02-2.58) .04

Acute dialysis within 30 d
of surgeryk

18 (0.5) 10 (0.3) 1.80 (0.83-3.89) 1.80 (0.83-3.90) .13

a Events were imputed when the peak postoperative serum creatinine
measurement was missing (<5% of patients; see Methods section). Each AKI
outcome (eg, AKI for at least 2 days, AKI stage 2 or more, etc) was imputed
separately, with the exception of AKI or death because death was not missing
for any patients.

b Patients assigned to placebo were the referent group.
c Modified Poisson regression was used without adjustment for covariates or

accounting for center (see Methods section).
d Adjusted for 17 covariates plus the clonidine allocation (18 covariates total; see

Methods section). For the outcome receipt of acute dialysis, a relative risk
stratified by center is reported using the Cochran-Mantel-Haenszel method (to
avoid full adjustment model overfitting with the limited number of events).

e P value from the adjusted model.
f The primary definition of AKI was an increase in serum creatinine

concentration from the preoperative measurement by either an increase of
0.3 mg/dL or greater (�26.5 μmol/L) within 48 hours of surgery or an increase
of 50% or greater within 7 days of surgery.

g Met the primary definition of AKI or death within 48 hours of surgery. This
accounts for the potential effect of early deaths (4/3443 [0.1%] in aspirin
group vs 5/3462 [0.1%] in placebo group) on the ascertainment of AKI.

h An increase in serum creatinine concentration of either 0.3 mg/dL or greater
(�26.5 μmol/L) or 50% or greater on at least 2 different days within 7 days of
surgery. The magnitude of the peak change in serum creatinine concentration
defines the stage of AKI in recent guidelines; however, a longer duration of AKI
also is associated with poorer outcomes.

i A postoperative percentage increase in serum creatinine concentration of

100% or greater from the preoperative concentration within 7 days of surgery,
an increase in postoperative serum creatinine concentration to an absolute
value of 4.0 mg/dL or greater (�353.6 μmol/L) within 7 days, or receipt of
acute dialysis within 30 days of surgery. All patients in POISE-2 had a follow-up
telephone interview 30 days after surgery (for the assessment of
postoperative events that occurred after hospital discharge but within 30 days
of surgery).

j A postoperative percentage increase in serum creatinine concentration of
200% or greater from the preoperative concentration within 7 days of
surgery, an increase in postoperative serum creatinine concentration to an
absolute value of 4.0 mg/dL or greater (�353.6 μmol/L) within 7 days, or
receipt of acute dialysis within 30 days of surgery. All patients in POISE-2 had a
follow-up telephone interview within 30 days of surgery (for the assessment
of postoperative events that occurred after hospital discharge but within 30
days of surgery).

k Provided for an indication of severe AKI. In patients who received acute
dialysis, the median increase in serum creatinine concentration from
preoperative to postoperative was 2.7 mg/dL (interquartile range, 1.9-4.6
mg/dL) (241 μmol/L [interquartile range, 165-404 μmol/L]).

l Adjusted for 17 covariates plus the aspirin allocation (18 covariates total; see
Methods section). For the outcome receipt of acute dialysis, a relative risk
stratified by center is reported using the Cochran-Mantel-Haenszel method (to
avoid full adjustment model overfitting with the limited number of events).

mMet the primary definition of AKI or death within 48 hours of surgery. This
accounts for the potential effect of early deaths (5/3453 [0.1%] in clonidine
group vs 4/3452 [0.1%] in placebo group) on the ascertainment of AKI.
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ference with aspirin vs placebo was consistent with multiple
secondary definitions of acute kidney injury (eTable 7 in the
Supplement), with the exception that the risk of severe acute
kidney injury treated with dialysis with aspirin vs placebo was
higher in patients with preoperative chronic kidney disease
than in those without chronic kidney disease (P = .04 for in-
teraction). In patients with chronic kidney disease, 12 of 808
patients assigned to aspirin were treated with dialysis (1.5%)
vs 2 of 842 patients assigned to placebo (0.2%) (RR, 5.72; 95%
CI, 1.30-25.11). Six of the 12 patients with chronic kidney dis-
ease who developed severe acute kidney injury treated with
dialysis experienced major bleeding prior to the initiation of
dialysis.

The RR of acute kidney injury with clonidine vs placebo
was not significantly different in those with vs without pre-
operative chronic kidney disease (P = .57 for interaction,
Figure 3). A similar nonsignificant difference with clonidine
vs placebo in this subgroup was consistent with multiple sec-
ondary definitions of acute kidney injury (eTable 7 in the
Supplement).

Other Prespecified Analyses
First, adherence to the study drugs was high. In the aspirin
trial, only 41 of 3443 patients (1.2%) assigned to aspirin did
not receive the study drug prior to surgery, which was simi-
lar to the 35 of 3462 patients (1.0%) assigned to placebo.
Over the entire study treatment period, 80.3% of patients
assigned to aspirin and 82.0% assigned to placebo took 80%
or more of the study drug. Of the 3462 patients assigned to
placebo, 1 (0.03%) received nonstudy aspirin within 24
hours prior to surgery, and 155 (4.5%) received nonstudy
aspirin during the first 3 days after surgery. In the clonidine
trial, only 66 of 3453 patients (1.9%) assigned to clonidine
did not receive the study drug prior to surgery, which was
similar to the 74 of 3452 patients (2.1%) assigned to placebo.
The transdermal patch remained in place for at least 80% of
the targeted duration of application in 91.3% of patients
assigned to clonidine and 90.6% assigned to placebo.

Second, there was no evidence of differential ascertain-
ment of acute kidney injury between aspirin vs placebo and
clonidine vs placebo (eTable 8 in the Supplement). For

Figure 3. Perioperative Clonidine and the Risk of Acute Kidney Injury in Subgroups

0.75 1.40
Unadjusted RR (95% CI)

Unadjusted

1.00

Risk Lower
With Clonidine

Risk Higher
With Clonidine

0.75 1.40
Adjusted RR (95% CI)

Adjusteda

1.00

Risk Lower
With Clonidine

Risk Higher
With Clonidine

Chronic kidney diseaseb

Acute Kidney Injury Events Among At-Risk
Patients, No./Total (%)

Clonidine Placebo
Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)a

Yes 125/808 (15.5) 133/842 (15.8) 0.98 (0.77-1.26) 0.97 (0.76-1.25)
No 324/2645 (12.3) 306/2610 (11.7) 1.05 (0.89-1.23) 1.06 (0.90-1.25)

449/3453 (13.0) 439/3452 (12.7)Overall 1.02 (0.89-1.17) 1.03 (0.90-1.18)

The size of the markers reflects the size of the sample.
a Adjusted for 16 covariates (17 covariates minus preoperative chronic kidney

disease) and adjusted for aspirin allocation therapy (see Methods).
b Chronic kidney disease was defined as a preoperative estimated glomerular

filtration rate of 60 mL/min per 1.73 m2 or less. The relative risk (RR) of acute
kidney injury with clonidine vs placebo did not significantly differ in those with
vs without preoperative chronic kidney disease (P = .57 for interaction).

Figure 2. Perioperative Aspirin and the Risk of Acute Kidney Injury in Subgroups

0.75 1.40
Unadjusted RR (95% CI)
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1.00

Risk Lower
With Aspirin

Risk Higher
With Aspirin

0.75 1.40
Adjusted RR (95% CI)

Adjusteda

1.00

Risk Lower
With Aspirin

Risk Higher
With Aspirin

Chronic kidney diseaseb

Acute Kidney Injury Events Among At-Risk
Patients, No./Total (%)

Long-term aspirin usec

Aspirin Placebo
Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)a

Yes 128/808 (15.8) 131/842 (15.6) 1.02 (0.79-1.30) 1.02 (0.79-1.31)
No 334/2635 (12.7) 295/2620 (11.3) 1.12 (0.96-1.32) 1.13 (0.96-1.32)

Yes 169/1497 (11.3) 165/1496 (11.0) 1.02 (0.82-1.29) 1.03 (0.82-1.29)
No 292/1946 (15.0) 261/1966 (13.3) 1.13 (0.95-1.34) 1.14 (0.96-1.35)

462/3443 (13.4) 426/3462 (12.3)Overall 1.09 (0.95-1.24) 1.10 (0.96-1.25)

The size of the markers reflects the size of the sample.
a Adjusted for 15 covariates plus preoperative chronic kidney disease, clonidine

allocation therapy, and the long-term use of aspirin prior to randomization
when appropriate (see Methods).

b Chronic kidney disease was defined as a preoperative estimated glomerular
filtration rate of 60 mL/min per 1.73 m2 or less. The relative risk (RR) of acute

kidney injury with aspirin vs placebo did not significantly differ in those with vs
without preoperative chronic kidney disease (P = .53 for interaction).

c The RR of acute kidney injury with aspirin vs placebo did not significantly differ
in those who were vs were not taking long-term aspirin prior to randomization
(P = .45 for interaction).
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example, the median number of postoperative serum creati-
nine measurements was identical in each intervention and
placebo group (3 measurements; IQR, 2-4 measurements)
along with the specific postoperative days of these measure-
ments. The median duration of hospital stay was identical
in each intervention and placebo group (4 days; IQR, 3-7
days). More than 95% of patients had at least 1 serum creati-
nine measurement within the 7 days following surgery. A
peak creatinine measurement was not recorded during the
week after surgery for 320 patients (4.6%) due to missing
measurement (4.5% of patients) or death (0.1% of patients).
Characteristics of patients who did vs did not provide at
least 1 serum creatinine measurement during the week fol-
lowing surgery differed (eTable 9 in the Supplement). The
outcomes of acute dialysis and death were recorded for all
patients.

Third, when we excluded the category of major urologi-
cal or gynecological surgery from our analysis (831 of 6905 pa-
tients [12.0%]), the results for aspirin and for clonidine were
consistent with the primary results (eTable 10 in the Supple-
ment).

Fourth, when we excluded emergent and urgent surger-
ies from our analysis (457 of 6905 patients [6.6%]), the results
for aspirin and for clonidine were consistent with the pri-
mary results (eTable 11 in the Supplement).

Post hoc Analyses
First, there was no evidence that patients allocated to aspi-
rin vs placebo differed in their use of nonstudy medications
during the first 3 days after surgery (eTable 12 in the Supple-
ment). Patients allocated to clonidine vs placebo were less
likely to use an angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker during the first 3 days after
surgery (47.3% vs 50.4%, respectively, P = .01; eTable 12 in
the Supplement). There was no difference between the
clonidine and placebo groups in the use of calcium channel
blockers or β-blockers.

Second, 331 of 6905 patients (4.8%) experienced major
perioperative bleeding, and the development of such bleed-
ing was associated with a greater risk of subsequent acute
kidney injury (23.3% when bleeding was present vs 12.3%
when bleeding was absent; adjusted hazard ratio, 2.20 [95%
CI, 1.72-2.83]; model description and results presented in
eTable 13 in the Supplement). Similarly, a total of 3069 of
6905 patients (44.4%) experienced clinically important
hypotension, and the development of such hypotension
was associated with a greater risk of subsequent acute kid-
ney injury (14.3% when hypotension was present vs 11.8%
when hypotension was absent; adjusted hazard ratio, 1.34
[95% CI, 1.14-1.58]).

Discussion
In this 2 × 2 factorial randomized clinical trial in patients un-
dergoing noncardiac surgery, neither perioperative assign-
ment to aspirin nor clonidine altered the risk of the primary
definition of acute kidney injury.

We designed and conducted this study because early
promising data suggested these interventions may reduce
the risk of perioperative acute kidney injury. The putative
major mechanism of perioperative acute kidney injury is a
decrease in kidney perfusion and ischemia, with activation
of inflammatory mediators, adhesion molecules, platelets,
and thromboxane (eFigure 3 in the Supplement).9,10 Aspirin
reduces platelet aggregation and microembolization, poten-
tially improving GFR at a time of poor kidney perfusion.
Perioperative aspirin reduces urinary thromboxane, a
potent vasoconstrictor in which increased levels correlate
w it h a c u te d e c re a s e s i n k i d n e y f u n c t i o n . 1 0 A nt i -
inflammatory mediators (resolvins, protectin) produced by
the kidney mitigate acute kidney injury in animals, and
their production can be enhanced by aspirin.5,35 In a large,
prospective cohort study of more than 5000 patients who
had cardiac surgery (70 centers, 17 countries), there were
fewer episodes of acute kidney injury in aspirin users than
in nonusers (P < .001) and fewer patients taking aspirin
were treated with acute dialysis (P < .001).7 Similar benefi-
cial associations of aspirin for the prevention of acute
kidney injury have also been observed in other periopera-
tive cohort studies.8,10 Clonidine, a centrally acting
α2-adrenergic agonist, blunts central sympathetic outflow
and has analgesic, anxiolytic, and anti-inflammatory
effects.36-38 Many animal and human studies,11-16 including
2 small randomized placebo-controlled trials in cardiac sur-
gery, suggest clonidine reduces the risk of acute kidney
injury.

Each intervention also has the potential for harm, which
could increase the risk of acute kidney injury. In POISE-2, we
previously demonstrated that aspirin use during the peri-
operative period increases the risk of major bleeding,23 and
in the current post hoc analysis, such bleeding was associ-
ated with a greater risk of acute kidney injury. In POISE-2,
we previously demonstrated that clonidine use during the
perioperative period increases the risk of clinically impor-
tant hypotension,24 and in the current post hoc analysis,
such hypotension was associated with a greater risk of acute
kidney injury. In addition, there was also some suggestion
that each intervention increased the risk of severe acute kid-
ney injury. However, the results for this secondary outcome
need to be interpreted cautiously given the inconsistent
results across different definitions of severe acute kidney
injury, the analyses uncorrected for multiple statistical com-
parisons, and the limited number of severe acute kidney
injury events. Subgroup analyses from POISE-2 also raise the
possibility that the risk of severe acute kidney injury with
aspirin vs placebo may be higher in patients with preopera-
tive chronic kidney disease than in those without chronic
kidney disease, mediated by perioperative bleeding. Even
though this is biologically plausible,39 there is also uncer-
tainty about this result given the small number of severe
acute kidney injury events. Rather, the findings can now
guide similar analyses in other ongoing trials to determine if
the signal is replicated.40 The increase in risk may be due to
postoperative anemia secondary to bleeding, or the blood
transfusions used to treat it.41,42
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This POISE-2 substudy provides generalizable effect
estimates derived from almost 7000 patients recruited in 88
centers across 22 countries according to a prespecified pro-
tocol and with use of randomized trial methods (eg, con-
cealed allocation, placebo-controlled). The lower bound of
the 95% confidence intervals of the treatment estimates
suggest that clinically important benefits of aspirin and
clonidine on the risk of perioperative acute kidney injury
were unlikely to be missed.

POISE-2 used an efficient kidney data collection sched-
ule as done in other large multicenter randomized trials.43 A
key limitation of our protocol (as previously reported25) is
our reliance on the serum creatinine concentration col-
lected during routine care as the sole measure of kidney
function. It would have been preferable to have multiple
baseline measures of serum creatinine and other assess-
ments of kidney function, and additional follow-up mea-
sures during the perioperative period.27 During the last
decade, there have been efforts to better standardize the
serum creatinine assay worldwide given concerns regarding

inter- and intralaboratory variability. It seems likely (al-
though not documented in POISE-2) that most preoperative
and postoperative serum creatinine measurements prior to
hospital discharge at a given center were analyzed in the
same laboratory. The randomization and analysis of this
study was also stratified by center, which should result in
similar measurement errors within a center for the interven-
tion and placebo groups.

Future large trials to prevent acute kidney injury in the sur-
gical setting should focus on interventions that target path-
ways other than inhibiting platelet aggregation or α2-
adrenergic agonism. Interventions that prevent perioperative
bleeding and perioperative hypotension may prove useful.44

Conclusions
Among patients undergoing major noncardiac surgery, nei-
ther aspirin nor clonidine administered perioperatively re-
duced the risk of acute kidney injury.

ARTICLE INFORMATION

Published Online: November 15, 2014.
doi:10.1001/jama.2014.15284.

Author Affiliations: London Health Sciences
Centre and Western University, London, Ontario,
Canada (Garg, Cuerden, Mrkobrada, Jones,
Acedillo, Roshanov, Dresser); Cleveland Clinic,
Cleveland, Ohio (Kurz, Sessler); McMaster
University, Hamilton Health Sciences Centre, St
Joseph’s Healthcare and the Population Health
Research Institute, Hamilton, Ontario, Canada
(Robinson, Mizera, Tiboni, VanHelder, Walsh,
Whitlock, Yusuf, Devereaux); Yale University School
of Medicine, New Haven, Connecticut (Parikh);
Hospital de la Santa Creu i Sant Pau, Barcelona,
Spain (Font, Cegarra); Fundación Oftalmológica de
Santander, Bucaramanga, Colombia (Gomez);
Herlev Hospital and the University of Copenhagen,
Copenhagen, Denmark (Meyhoff); Chinese
University of Hong Kong, Hong Kong Special
Administrative Region, China (M. T. V. Chan); Clinica
Santa Maria, Universidad de los Andes, Santiago,
Chile (Torres); Kingston General Hospital, Kingston,
Ontario, Canada (Parlow); Hospital Vall d'Hebron,
Barcelona, Spain (Clanchet); Shifa International
Hospitals Limited, Islamabad, Pakistan (Amir); CHU
Brugmann, Brussels, Belgium (Bidgoli); San Raffaele
Scientific Institute, Milan, Italy (Pasin); Vejle
Hospital, Vejle, Denmark (Martinsen); Hospital
Nacional Cayetano Heredia, Lima, Peru (Malaga);
Monash University, Melbourne, Australia (Myles);
University of North Carolina Medical School, Chapel
Hill (Kumar); Vienna General Hospital and the
Medical University of Vienna, Vienna, Austria
(Fleischmann); Fundación Cardioinfantil and the
Universidad Autónoma de Bucaramanga, Bogotá,
Colombia (Villar); Royal Adelaide Hospital,
Adelaide, Australia (Painter); Nelson R. Mandela
School of Medicine, Durban, South Africa (Biccard);
Ohio State University Medical Center, Columbus
(Bergese); University of Manitoba, Winnipeg,
Canada (Srinathan); University of Texas and MD
Anderson Cancer Center, Houston (Cata);
University Health Network and the University of

Toronto, Toronto, Ontario, Canada (V. Chan,
Wijeysundera); Mahatma Gandhi Institute of
Medical Sciences, Wardha, India (Mehra); Royal
Melbourne Hospital, Melbourne, Australia (Leslie);
Cliniques Universitaires Saint-Luc and the
Université Catholique de Louvain, Brussels, Belgium
(Forget).

Author Contributions: Dr Garg had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: All authors.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Garg.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Garg, Cuerden.
Obtained funding: All authors.
Administrative, technical, or material support: All
authors.
Study supervision: Garg, Sessler, Yusuf, Devereaux.

Conflict of Interest Disclosures: The authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Parikh reported receiving personal fees for serving
as a consultant to Abbvie. Dr Font reported
receiving personal fees from Johnson & Johnson.
Dr Amir reported receiving an institutional grant
from the Population Health Research Institute in
Canada. Dr Walsh reported receiving a peer-
reviewed grant from the Canadian Institutes of
Health Research. Dr V. Chan reported receiving
personal fees from Abbvie, Philips, and Smiths
Medical; and equipment support from Analogic
Ultrasound. Dr Yusuf reported receiving grants and
personal fees from Boehringer Ingelheim and
Bayer; and only receiving grants from AstraZeneca,
GlaxoSmithKline, sanofi-aventis, Cadila, and Bristol-
Myers Squibb. Dr Devereaux reported receiving
grants from Abbott Diagnostics, AstraZeneca,
Bayer, Boehringer Ingelheim, Bristol-Myers Squibb,
Covidien, Roche Diagnostics, and Stryker. No other
disclosures were reported.

Funding/Support: The Perioperative Ischemic
Evaluation-2 (POISE-2) Trial and this acute kidney
injury substudy were financially supported by
grants from the Canadian Institutes of Health
Research. Financial support for POISE-2 was also
provided by the Australian National Health and
Medical Research Council and the Spanish Ministry
of Health and Social Policy. Boehringer Ingelheim
provided the clonidine study drug and some
funding. Bayer Pharma AG provided the aspirin
study drug.

Role of the Funders/Sponsors: The sponsors had
no role in the design and conduct of the study;
collection, management, analysis and
interpretation of the data; preparation, review or
approval of the manuscript; and decision to submit
the manuscript for publication.

POISE-2 Investigators: The following list includes
investigators who participated in the acute kidney
injury substudy of POISE-2 by country: Argentina:
A. Alvarez. Australia: R. Bulach, S. Hannon, K. Ives,
A. Jeffreys, S. Lang, G. Ludbrook, P. Myles, C.
Osborne, T. Painter, B. Riedel, S. Sawhney, and P.
Sivalingam. Austria: E. Fleischmann, B. Kabon, F.
Luf, and M. Radonic. Belgium: S. Bidgoli, S. De Hert,
M. De Kock, S. Hublet, P. Van der Linden, and P.
Forget. Brazil: R. R. Bergo, O. Berwanger, P. Duarte,
and D. Gualandro. Canada: S. Abbas, R. Allard, W.
Beattie, V. Chan, D. Chauret, K. Chin, D. Cook, W.
Dechert, E. de Medicis, G. Dresser, D. Dumerton-
Shore, H. El Beheiry, A. Garg, M. Graham, K. Gregus,
M. Gros, D. Hornstein, P. Jackson, P. Jones, R. Lavi,
K. Lawrence, P. Li, J. McCourt, S. McMullen, R.
Mizera, R. Moor, D. Ong, J. Parlow, M. Raazi, O.
Regalado, T. Schricker, V. Schumann, J. Shin, S.
Srinathan, M. Tiboni, A. Todd, T. VanHelder, and D.
Wijeysundera. Chile: X. Jara, P. Leon, and D. Torres.
Colombia: O. Cortes, F. Montes, G. Parra, M. Rojas,
R. Plata, F. Romero, S. Vasquez, and J. Villar.
Denmark: N. Bauer, M. Bøgeskov, R. Dahl, M.
Madsen, K. Martinsen, and E. Søndergaard. France:
P. Alfonsi, P. Coriat, P. Diemunsch, and V. Piriou.
Germany: A. Hoeft, U. Kaisers, and T. Treschan.
Hong Kong: M. Chan, G. Choi, T. Gin, and P. Chiu.

Treatment to Reduce Risk of Acute Kidney Injury Original Investigation Research

jama.com JAMA December 3, 2014 Volume 312, Number 21 2263

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

India: V. Abraham, K. Agarwal, S. Gaikwad, B.
Mehra, N. Mohan, B. Premendaran, and G. Sidhu.
Italy: R. Lembo, L. Pasin, and S. Passarani. Malaysia:
H. Lee. New Zealand: K. Jamieson, S. Olliff, and S.
Walker. Pakistan: M. Amir, O. Ishtiaq, and J. Safdar.
Peru: A. Acuna-Villaorduna, P. Barrionuevo, and A.
Castaneda-Guarderas. South Africa: B. Biccard, B.
Diedericks, L. Drummond, and P. Naidoo. Spain: J.
Alvarez, M. de Nadal, S. Garcia del Valle, R.
Gonzalez, S. González-Suárez, A. González-Tallada,
M. Maestre, E. Mena, P. Plou, B. Tena, S. Sabate, and
G. Urrutia. United Kingdom: P. Balaji, N. Hemmings,
M. Vizcaychipi, and I. Wrench. United States: D. Ai,
H. Arora, S. Bergese, J. Cata, R. Coombs, H. Honar,
P. Kumar, A. Kurz, S. Martinelli, R. McKay, S.
Melibary, S. Memtsoudis, S. Miller, E. Nemergut, A.
Podolyak, V. Salmasi, D. Sessler, and A. Uribe.

REFERENCES

1. Weiser TG, Regenbogen SE, Thompson KD, et al.
An estimation of the global volume of surgery. Lancet.
2008;372(9633):139-144.

2. Abelha FJ, Botelho M, Fernandes V, Barros H.
Determinants of postoperative acute kidney injury.
Crit Care. 2009;13(3):R79.

3. Chertow GM, Burdick E, Honour M, et al. Acute
kidney injury, mortality, length of stay, and costs in
hospitalized patients. J Am Soc Nephrol. 2005;16
(11):3365-3370.

4. Coca SG, Yusuf B, Shlipak MG, et al. Long-term
risk of mortality and other adverse outcomes after
acute kidney injury. Am J Kidney Dis. 2009;53(6):
961-973.

5. Duffield JS, Hong S, Vaidya VS, et al. Resolvin D
series and protectin D1 mitigate acute kidney injury.
J Immunol. 2006;177(9):5902-5911.

6. Serhan CN, Gotlinger K, Hong S, Arita M.
Resolvins, docosatrienes, and neuroprotectins,
novel omega-3-derived mediators, and their
aspirin-triggered endogenous epimers.
Prostaglandins Other Lipid Mediat. 2004;73(3-4):
155-172.

7. Mangano DT; Multicenter Study of Perioperative
Ischemia Research Group. Aspirin and mortality
from coronary bypass surgery. N Engl J Med. 2002;
347(17):1309-1317.

8. Cao L, Young N, Liu H, et al. Preoperative aspirin
use and outcomes in cardiac surgery patients. Ann
Surg. 2012;255(2):399-404.

9. Gerrah R, Izhar U. Beneficial effect of aspirin on
renal function post-cardiopulmonary bypass. Asian
Cardiovasc Thorac Ann. 2003;11(4):304-308.

10. Gerrah R, Ehrlich S, Tshori S, Sahar G. Beneficial
effect of aspirin on renal function in patients with
renal insufficiency postcardiac surgery. J Cardiovasc
Surg (Torino). 2004;45(6):545-550.

11. Kulka PJ, Tryba M, Zenz M. Preoperative
alpha2-adrenergic receptor agonists prevent the
deterioration of renal function after cardiac surgery.
Crit Care Med. 1996;24(6):947-952.

12. Myles PS, Hunt JO, Holdgaard HO, et al.
Clonidine and cardiac surgery. Anaesth Intensive Care.
1999;27(2):137-147.

13. Billings FT IV, Chen SW, Kim M, et al.
α2-Adrenergic agonists protect against
radiocontrast-induced nephropathy in mice. Am J
Physiol Renal Physiol. 2008;295(3):F741-F748.

14. Eknoyan G, Dobyan DC, Senekjian HO, Bulger
RE. Protective effect of oral clonidine in the
prophylaxis and therapy of mercuric
chloride—induced acute renal failure in the rat.
J Lab Clin Med. 1983;102(5):699-713.

15. Solez K, Racusen LC, Whelton A. Glomerular
epithelial cell changes in early postischemic acute
renal failure in rabbits and man. Am J Pathol. 1981;
103(2):163-173.

16. Ideura T, Solez K, Heptinstall RH. The effect of
clonidine on tubular obstruction in postischemic
acute renal failure in the rabbit demonstrated by
microradiography and microdissection. Am J Pathol.
1980;98(1):123-150.

17. Walsh M, Garg AX, Devereaux PJ, et al. The
association between perioperative hemoglobin and
acute kidney injury in patients having noncardiac
surgery. Anesth Analg. 2013;117(4):924-931.

18. Korte W, Cattaneo M, Chassot PG, et al.
Peri-operative management of antiplatelet therapy
in patients with coronary artery disease. Thromb
Haemost. 2011;105(5):743-749.

19. Blaudszun G, Lysakowski C, Elia N, Tramèr MR.
Effect of perioperative systemic α2 agonists on
postoperative morphine consumption and pain
intensity: systematic review and meta-analysis of
randomized controlled trials. Anesthesiology. 2012;
116(6):1312-1322.

20. Walsh M, Devereaux PJ, Garg AX, et al.
Relationship between intraoperative mean arterial
pressure and clinical outcomes after noncardiac
surgery. Anesthesiology. 2013;119(3):507-515.

21. Hiralal R, Guyatt G, Bhandari M, et al. A survey
evaluating surgeons’ peri-operative usage of
acetyl-salicylic acid (ASA) and their willingness to
enroll their patients in a perioperative ASA
randomized controlled trial. Clin Invest Med. 2010;
33(6):375-383.

22. Devereaux PJ; POISE-2 Investigators. Rationale
and design of the PeriOperative ISchemic
Evaluation-2 (POISE-2) trial. Am Heart J.
2014;167(6):804-809, e4.

23. Devereaux PJ, Mrkobrada M, Sessler DI, et al;
POISE-2 Investigators. Aspirin in patients
undergoing noncardiac surgery. N Engl J Med. 2014;
370(16):1494-1503.

24. Devereaux PJ, Sessler DI, Leslie K, et al;
POISE-2 Investigators. Clonidine in patients
undergoing noncardiac surgery. N Engl J Med. 2014;
370(16):1504-1513.

25. Garg AX, Kurz A, Sessler DI, et al; POISE-2
Investigators. Aspirin and clonidine in non-cardiac
surgery: acute kidney injury substudy protocol of
the Perioperative Ischaemic Evaluation (POISE) 2
randomised controlled trial. BMJ Open. 2014;4(2):
e004886.

26. Levey AS, Stevens LA, Schmid CH, et al;
CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;
150(9):604-612.

27. Kidney Disease; Improving Global Outcomes
(KDIGO) Acute Kidney Injury Work Group. KDIGO
clinical practice guidelines for acute kidney injury.
Kidney Int. 2012;2:1-138.

28. Zou GY, Donner A. Extension of the modified
Poisson regression model to prospective studies

with correlated binary data. Stat Methods Med Res.
2013;22(6):661-670.

29. Zou G. A modified poisson regression approach
to prospective studies with binary data. Am J
Epidemiol. 2004;159(7):702-706.

30. SAS website. SAS/STAT(R) 9.2 User's guide:
Cochran-Mantel-Haenszel Statistics. http://support
.sas.com/documentation/cdl/en/statug/63033
/HTML/default/viewer.htm#statug_freq
_a0000000648.htm. Accessed August 4, 2014.

31. Allison P. Imputation of categorical variables
with PROC MI. Presented at: SAS Users Group
International; Philadelphia, PA; April 10-13, 2005;
113-130.

32. Carpenter JR, Kenward MG. Missing data in
clinical trials: a practical guide. http://missingdata
.lshtm.ac.uk/downloads/rm04_jh17_mk.pdf. Accessed
October 7, 2014.

33. Chawla LS, Kimmel PL. Acute kidney injury and
chronic kidney disease: an integrated clinical
syndrome. Kidney Int. 2012;82(5):516-524.

34. Doutremepuich C, Aguejouf O, Desplat V,
Eizayaga FX. Aspirin discontinuation syndromes.
Am J Cardiovasc Drugs. 2013;13(6):377-384.

35. Serhan CN, Arita M, Hong S, Gotlinger K.
Resolvins, docosatrienes, and neuroprotectins,
novel omega-3-derived mediators, and their
endogenous aspirin-triggered epimers. Lipids.
2004;39(11):1125-1132.

36. Ellis JE, Drijvers G, Pedlow S, et al.
Premedication with oral and transdermal clonidine
provides safe and efficacious postoperative
sympatholysis. Anesth Analg. 1994;79(6):1133-1140.

37. Quintin L, Bouilloc X, Butin E, et al. Clonidine
for major vascular surgery in hypertensive patients.
Anesth Analg. 1996;83(4):687-695.

38. Wu CT, Jao SW, Borel CO, et al. The effect of
epidural clonidine on perioperative cytokine
response, postoperative pain, and bowel function
in patients undergoing colorectal surgery. Anesth
Analg. 2004;99(2):502-509.

39. Acedillo RR, Shah M, Devereaux PJ, et al. The
risk of perioperative bleeding in patients with
chronic kidney disease. Ann Surg. 2013;258(6):901-
913.

40. Myles PS, Smith J, Knight J, et al; ATACAS Trial
Group. Aspirin and Tranexamic Acid for Coronary
Artery Surgery (ATACAS) Trial. Am Heart J. 2008;
155(2):224-230.

41. Kim CS, Oak CY, Kim HY, et al. Incidence,
predictive factors, and clinical outcomes of acute
kidney injury after gastric surgery for gastric cancer.
PLoS One. 2013;8(12):e82289.

42. Karkouti K. Transfusion and risk of acute kidney
injury in cardiac surgery. Br J Anaesth. 2012;109(suppl
1):i29-i38.

43. Garg AX, Devereaux PJ, Yusuf S, et al. Kidney
function after off-pump or on-pump coronary
artery bypass graft surgery. JAMA. 2014;311(21):
2191-2198.

44. Shakur H, Roberts I, Bautista R, et al. Effects of
tranexamic acid on death, vascular occlusive
events, and blood transfusion in trauma patients
with significant haemorrhage (CRASH-2). Lancet.
2010;376(9734):23-32.

Research Original Investigation Treatment to Reduce Risk of Acute Kidney Injury

2264 JAMA December 3, 2014 Volume 312, Number 21 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


