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ABSTRACT 

Background. Contrast-associated acute kidney injury ( CA-AKI ) has been associated with a higher risk of cardiovascular 
( CV ) events. We studied the risk of CV events in chronic kidney disease ( CKD ) patients undergoing angiography and 
whether biomarkers can predict such events. We also explored whether CA-AKI mediates the association of 
pre-angiography estimated glomerular filtration rate ( eGFR ) on CV events. 
Methods. We analysed participants from the Prevention of Serious Adverse Events following the Angiography 
( PRESERVE ) trial. Urinary tissue inhibitor of matrix metalloproteinase [TIMP]-2 and insulin growth factor binding protein 

[IGFBP]-7, plasma brain-type natriuretic peptide ( BNP ) , high sensitivity C-reactive protein ( hs-CRP ) , and serum cardiac 
troponin-I ( Tn-I ) were assayed before and after angiography. We assessed the composite risk of CV events by day 90. 
Results. Of the 922 participants, 119 ( 12.9% ) developed CV events, and 73 ( 7.9% ) developed CA-AKI. Most cases of CA-AKI 
( 90% ) were stage 1. There were no differences in urinary [TIMP-2]•[IGFBP7] concentrations or the proportion of patients 
with CA-AKI among those with and without CV events. Higher BNP, Tn-I, and hs-CRP were associated with CV events, 
but their discriminatory capacity was modest ( AUROC < 0.7 ) . CA-AKI did not mediate the association of the 
pre-angiography eGFR on CV events. 
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Conclusions. Most episodes of CA-AKI are stage 1 AKI and are not associated with CV events. Less severe CA-AKI 
episodes also did not mediate the risk of pre-angiography eGFR on CV events. Our findings suggest that most CV events 
after contrast procedures are due to underlying CKD and CV risk factors rather than less severe CA-AKI episodes and 
should help enhance the utilization of clinically indicated contrast procedures among high-risk patients with CKD. 
Further research is required to examine whether moderate-to-severe CA-AKI episodes are associated with CV events. 

Keywords: angiography, biomarker, cardiovascular events, chronic kidney disease, contrast-associated acute kidney 
injury 
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NTRODUCTION 

ardiovascular ( CV ) events frequently occur in patients un- 
ergoing angiography, especially in those developing contrast- 
ssociated acute kidney injury ( CA-AKI ) . In one study, 36% of
atients who developed CA-AKI after non-coronary angiogra- 
hy had a CV event within 1 year, compared to 12% of patients
ho did not develop CA-AKI [ 1 ]. In another study, 22% of pa-
ients who developed CA-AKI after coronary angiography had 
 CV event within 1 year, compared to 15.4% of patients who
id not develop CA-AKI [ 2 ]. However, prior work in high-risk pa-
ients with chronic kidney disease ( CKD ) undergoing angiogra- 
hy shows that most CA-AKI episodes are stage 1 AKI and occur
ue to hemodynamic perturbation rather than intrinsic kidney 
ubular epithelial cell injury [ 3 , 4 ]. Whether less severe CA-AKI
pisodes are associated with CV events and whether CA-AKI is
 mediator or just a marker for subsequent CV events in such
atients is unclear. Understanding the relative risk of CV events
fter less severe CA-AKI episodes with biomarker risk stratifica- 
ion may help clinicians make decisions regarding angiography 
n patients with CKD. 

Urinary tissue inhibitor of metalloproteinase ( TIMP ) -2 and 
nsulin growth factor binding protein ( IGFBP7 ) are two kidney 
ubular epithelial G1 cell cycle arrest biomarkers. They are used
or detecting severe AKI [ 5 , 6 ] and are associated with major
dverse kidney events in critically ill patients [ 7 , 8 ]. However, a
revious study showed that the predictive accuracy of urinary 
TIMP-2]•[IGFBP7] for stage 1 CA-AKI cases is poor in high-risk
atients with CKD undergoing angiography [ 9 ]. Nevertheless,
he predictive accuracy of urinary [TIMP-2]•[IGFBP7] for CV 

vents has not been examined in a large cohort of patients with
KD. Previous studies have also shown that cardiac biomarkers 
uch as serum cardiac troponin-I ( Tn-I ) , brain-type natriuretic 
eptide ( BNP ) , and high-sensitivity C-reactive protein ( hs-CRP ) 
re elevated before and after angiography, and their concen- 
rations are not altered by CA-AKI status [ 9 ]. Whether these
ardiac biomarkers aid in the risk stratification of CV events is
nclear. 
In this study, we first examined whether CA-AKI is asso-

iated with CV events among high-risk patients with CKD 

ndergoing angiography. Second, we examined the association 
nd predictive accuracy of urinary [TIMP-2]•[IGFBP7], serum 

n-I, plasma BNP, and hs-CRP concentrations before and af- 
er angiography on the risk of CV events. Third, we explored
hether CA-AKI was a mediator of the association of baseline
stimated glomerular filtration rate ( eGFR ) with CV events.
or these analyses, we used the data from a large randomized
linical trial entitled Prevention of Serious Adverse Events fol- 
owing Angiography ( PRESERVE ) and the biomarker sub-study 
mong high-risk patients with CKD undergoing angiography 
 9 , 10 ]. 
ATERIALS AND METHODS 

tudy design 

he methods of the PRESERVE clinical trial have been described
reviously [ 10 , 11 ]. Briefly, PRESERVE was a two-by-two factorial
esign randomized clinical trial comparing intravenous iso- 
onic sodium bicarbonate with intravenous isotonic saline and
ral N-acetyl cysteine with oral placebo in patients with non-
ialysis dependent CKD ( eGFR < 45 mL/min/1.73 m 

2 , or eGFR
 60 mL/min/1.73 m 

2 and diabetes mellitus ) who were under-
oing coronary or non-coronary angiography across 53 medical
enters in the United States ( 35 Veterans Affairs sites ) , Aus-
ralia, Malaysia, and New Zealand. Participants ( n = 5177 ) were
ecruited from February 2013 to March 2017 and were excluded
or the following: receiving dialysis; eGFR < 15 mL/min/1.73 m 

2 ;
nstable baseline blood creatinine; decompensated conges- 
ive heart failure ( CHF ) ; emergent angiogram; having received
odinated contrast in the past 5 days; known allergy to acetyl-
ysteine; known anaphylactic allergy to iodinated contrast; 
ncarceration; age < 18 years; pregnancy; unwillingness to
omply with outcome assessment; or ongoing participation in
 concurrent interventional trial [ 10 ]. 

CA-AKI was defined as an increase in serum creatinine
evel ≥25% and/or ≥0.5 mg/dL from the baseline at 96 hours
fter angiography as defined in the PRESERVE trial and several
bservational studies [ 10 –14 ]. Baseline serum creatinine used
o assess CA-AKI was the most recent measurement within
 months before angiography [ 11 ]. AKI severity staging was per-
ormed using the Kidney Disease Improving Global Outcomes
riteria [ 14 ]. The primary outcome was a composite of CV events
ithin 90 days of angiography defined as either a primary or sec-
ndary diagnosis of the acute coronary syndrome, ST-segment
levation myocardial infarction ( STEMI ) , non-ST segment ele-
ation myocardial infarction ( NSTEMI ) , unstable angina, CHF,
erebrovascular accident, or death. Information related to CV
vents was prospectively collected in the PRESERVE trial [ 10 ]. 

A total of 922 participants from 19 centers in the United
tates participated in this ancillary biomarker sub-study [ 3 , 4 ,
 ]. Ninety-six participants were missing either baseline serum
reatinine ( n = 13 ) or serum creatinine at 96 hours ( n = 95 )
nd were presumed not to have CA-AKI [ 3 , 4 ]. A total of 742
ubjects had urine samples, and 854 had plasma samples col-
ected before and after angiography. The PRESERVE trial and
he biomarker sub-study were approved by the Veteran’s Affairs
entral Institutional Review Board, and all appropriate study site
thics and regulatory committees and written informed consent
as obtained from all study participants. This biomarker study,
iomarker Effectiveness Analysis in Contrast Nephropathy 
 BEACON ) , was also approved by the University of Pittsburgh’s
uman Research Protection Office ( study no. 19 070 228 ) [ 9 ]. 
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Figure 1: Mediation analysis. The orange arrow denotes the direct effect of pre-angiography estimated glomerular filtration rate ( eGFR ) on the risk of cardiovascular 
events by day 90. Thick black arrows denote the indirect effect of pre-angiography eGFR on cardiovascular events. 
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ample collection and biomarker measurement 

e collected plasma and urine samples 1–2 hours before and 
–4 hours after angiography [ 4 ]. Biomarkers measured were 
rinary [TIMP-2]•[IGFBP7], serum Tn-I, plasma BNP and hs-CRP 
nd were chosen a priori based on the use of these markers in 
he clinical setting [ 15 ] and reliable assays [ 5 , 16 –19 ]. All samples
ere aliquoted and stored at −80°C until biomarker measure- 
ents. Aliquoted samples were stored in a central repository,
nd biomarker assays were performed without additional 
reeze-thaw cycles. Samples were collected and stored in a 
entral repository, and all personnel measuring the biomarkers 
ere blinded to clinical outcomes. Details of the biomarker 
ssays and coefficient of variation for each biomarker have 
een previously described [ 9 ]. 

tatistical analyses 

e first performed an outcome-stratified analysis comparing 
articipant characteristics by CV events. We used t tests to 
ompare normally distributed continuous variables and the 
ilcoxon rank-sum test for variables without normal distri- 
ution. We used the Chi-squared test or Fisher’s exact test 
or categorical variables. We used half the detection thresh- 
ld for biomarker data that were censored below the detec- 
ion threshold, and we assigned the maximum value for mark- 
rs censored at the maximum detection threshold ( Method S1 ,
ee online supplementary material ) [ 20 , 21 ]. We performed log 
ransformation before analysis for skewed plasma BNP concen- 
rations ( Figure S1 , see online supplementary material ) . Urine 
iomarker measurements were normalized for urine creatinine 
oncentration to account for the hydration therapies tested in 
he clinical trial. 

We fitted logistic regression to examine the association of 
re- and post-angiography biomarker concentration on the 
isk of CV events after adjusting for eGFR and urine albumin- 
reatinine ratio ( UACR ) . The adjusted odds ratios ( aOR ) were 
alculated for each unit increase in biomarker concentration for 
ll biomarkers. For urine creatinine indexed [TIMP-2]•[IGFBP7],
he aORs were calculated for each natural log-transformed 
nit increase in biomarker concentration. We did not ad- 
ust the alpha level for multiple comparisons because of a 
otential increase in Type 2 error [ 22 –24 ]. To examine risk
rediction of biomarkers on the risk of CV events, we gener- 
ted area under the receiver operating characteristic curves 
 AUROCs ) . 

We conducted mediation analyses to determine whether 
A-AKI mediated the association between pre-angiography 
GFR and CV events. We used the PROC CAUSALMED procedure 
or SAS software ( SAS Institute, Cary, NC, USA ) , a regression- 
ased approach using counterfactual framework [ 25 , 26 ]. We 
ncluded pre-angiography eGFR, UACR ( categorical variable,
 30, 30–300, and > 300 mg/g ) , history of CHF as a predictor,
nd CA-AKI as a mediator of the CV events. Finally, we used
ootstrap testing of 1000 randomly derived samples to examine 
he confidence interval ( CI ) surrounding the OR for the effect 
f CA-AKI on the association of pre-angiography eGFR with CV 

vents. 
To gauge the magnitude of the effect, we also used the PROC 

AUSALMED procedure in SAS software to estimate the pro- 
ortion mediated, which was calculated as the indirect effect 
 i.e. the effect of pre-angiography eGFR on CV events related 
o CA-AKI ) divided by the sum of the direct ( i.e. direct effect of
re-angiography eGFR on CV events ) and indirect effect ( Fig. 1 ) .
e included UACR, history of CHF, and biomarkers in these 
odels to determine the proportion of change in regression 
oefficients in CA-AKI. We considered a P -value of < .05 to 
enote statistical significance for all analyses. All statistical 
nalyses were performed using SAS software, version 9.4 ( SAS 
nstitute, Cary, NC, USA ) . 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
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ESULTS 

articipant population 

f 5177 participants in the parent PRESERVE study, 922 ( 17.8% )
ere enrolled in this biomarker study. The mean ±SD age was
0 ± 8 years, 97.2% were men, and 82% had a history of diabetes
able 1: Baseline: characteristics of study participants by cardiovascular e

haracteristics 

ge, years, mean ± SD 

ale sex 
ace/ethnicity 
White 
Black 
Hispanic 
Other 
eight, kilograms, mean ± SD 

aseline serum creatinine, mg/dL, median ( IQR ) 
aseline urine creatinine, mg/dL, median ( IQR ) 7
aseline post-operative urine creatinine, mg/dL, median ( IQR ) 5
ACR categories, mg/g 
< 30 
30–300 
> 300 
aseline eGFR, mL/min/1.73m 

2 

15–30 
30–45 
> 45 
omorbid conditions 
Heart failure 
Diabetes mellitus 
Myocardial infarction 
Peripheral vascular disease 
Cerebrovascular disease 
Chronic pulmonary disease 
Hypertension 
ngiographic procedure 
oronary 
arotid 
eripheral 
esenteric 
ortic and/or iliac 
ulmonary 
enal 
ther 
ercutaneous intervention 
VEDP, mmHg, mean ± SD 

ntervention arm 

Saline + placebo 
Saline + NAC 
Sodium bicarbonate + placebo 
Sodium bicarbonate + NAC 
ontrast type 
Iodixanol 
Low-osmolal agent 
ontrast volume, mL, mean ± SD 

KI stage b 

No AKI 
Stage 1 
Stage 2 
Stage 3 
A-AKI c 
 Table 1 ) . Overall, 7.9% ( n = 73 ) of participants developed CA-
KI following angiography, and most patients ( n = 66; 90.4% )
eveloped stage 1 AKI; 12.9% ( n = 119 ) of participants developed
V events by day 90. The baseline characteristics of patients
eveloping CA-AKI and no CA-AKI are shown in Table S1 ( see
nline supplementary material ) and elsewhere [ 3 , 9 ]. There
vents. 

No. ( % ) 

Cardiovascular 
event a ( n = 119 ) 

No cardiovascular 
event ( n = 803 ) P -value 

71.2 ± 8.4 69.9 ± 7.9 .12 
117 ( 98.3 ) 772 ( 96.1 ) .38 

93 ( 78.1 ) 619 ( 77.1 ) .78 
17 ( 14.3 ) 127 ( 15.8 ) 
4 ( 3.4 ) 27 ( 3.4 ) 
5 ( 4.2 ) 21 ( 2.6 ) 

98.3 ± 23.3 100.7 ± 21.8 .14 
1.59 ( 1.33–1.98 ) 1.48 ( 1.28–1.73 ) .002 

6.80 ( 54.40–110.40 ) 93.05 ( 65.10–128.05 ) .006 
6.10 ( 36.90–81.35 ) 56.95 ( 38.90–79.50 ) .58 

33 ( 27.7 ) 335 ( 41.7 ) .0006 
35 ( 29.4 ) 249 ( 31.0 ) 
41 ( 34.4 ) 163 ( 20.3 ) 

16 ( 13.4 ) 52 ( 6.5 ) .020 
41 ( 34.4 ) 271 ( 33.7 ) 
59 ( 49.6 ) 457 ( 56.9 ) 

67 ( 56.3 ) 297 ( 36.9 ) < .001 
100 ( 84.0 ) 652 ( 81.2 ) .59 
47 ( 39.5 ) 263 ( 32.7 ) .16 
45 ( 37.8 ) 246 ( 30.6 ) .13 
25 ( 21.0 ) 126 ( 15.7 ) .15 
37 ( 31.1 ) 193 ( 24.2 ) .11 
113 ( 94.9 ) 745 ( 92.8 ) .59 

110 ( 92.4 ) 695 ( 86.5 ) .13 
0 7 ( 0.9 ) 

4 ( 3.3 ) 75 ( 9.3 ) 
0 0 

2 ( 1.7 ) 10 ( 1.2 ) 
0 0 

1 ( 0.8 ) 3 ( 0.4 ) 
1 ( 0.8 ) 4 ( 0.5 ) 

28 ( 23.5 ) 224 ( 27.9 ) .30 
19.9 ± 8.5 19.3 ± 8.3 .53 

22 ( 18.5 ) 188 ( 23.4 ) .29 
37 ( 31.1 ) 198 ( 24.5 ) 
34 ( 24.0 ) 205 ( 25.5 ) 
26 ( 21.8 ) 205 ( 25.5 ) 

52 ( 43.7 ) 431 ( 53.7 ) .03 
66 ( 55.5 ) 360 ( 44.8 ) 

106.8 ± 60.1 106.9 ± 67.8 .52 

114 ( 95.8 ) 744 ( 92.7 ) .10 
1 ( 0.8 ) 12 ( 1.5 ) 
4 ( 3.4 ) 26 ( 3.2 ) 

0 21 ( 2.6 ) 
14 ( 11.7 ) 59 ( 7.3 ) .10 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
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Table 1: Continued 

No. ( % ) 

Characteristics 
Cardiovascular 
event a ( n = 119 ) 

No cardiovascular 
event ( n = 803 ) P -value 

MAKE or death by day 90 d 33 ( 27.7 ) 26 ( 3.2 ) < .001 
Death 28 ( 23.5 ) 0 ( 0 ) 
Need for dialysis 5 ( 4.2 ) 7 ( 0.9 ) .01 
≥50% in serum creatinine from baseline 5 ( 4.2 ) 58 ( 7.2 ) .22 

AKI, acute kidney injury; CA-AKI, contrast-associated acute kidney injury; eGFR, estimated glomerular filtration rate; IQR, interquartile range; LVEDP, left ventricular 

end-diastolic pressure; MAKE, major adverse kidney events; NAC, N-acetylcysteine; SD, standard deviation; UACR, urine albumin-creatinine ratio. 
a Cardiovascular event ( s ) within 90 days is defined as a composite of either a primary or secondary diagnosis of the acute coronary syndrome, ST-elevation myocardial 
infarction, non-ST segment elevation myocardial infarction, unstable angina, congestive heart failure, cerebrovascular accident, or death. 
b Stages of AKI were defined by Kidney Disease: Improving Global Outcome criteria: stage 1: increase in serum creatinine to 1.5–1.9 times baseline or increase in serum 

creatinine by ≥0.3 mg/dl; stage 2: increase in serum creatinine to 2.0–2.9 times baseline; stage 3: increase in serum creatinine to 3.0 times baseline or increase in serum 

creatinine to ≥4.0 mg/dl or need for dialysis. Ninety-six participants were missing either ( or both ) the baseline or 3- to 5-day serum creatinine and are presumed to 
have no AKI. 
c Contrast-associated acute kidney injury was defined as an increase in serum creatinine level ≥25% or ≥0.5 mg/dL from the baseline 3 to 5 days after angiography. 
d Major adverse kidney events were defined as a composite of death, persistent kidney dysfunction, or dialysis dependence by day 90. A persistent decrease in kid- 
ney function was defined as a ≥50% increase in serum creatinine level at day 90 after angiography, confirmed by subsequent testing within 14 days of the initial 
measurement [ 10 , 11 ]. 

Table 2: No. and type of cardiovascular event. 

Cardiovascular event a No. ( % ) b 

Any cardiovascular event 119 ( 100 ) 
Death 28 ( 23.5 ) 
Acute coronary syndrome 4 ( 3.4 ) 
STEMI 2 ( 1.7 ) 
NSTEMI 20 ( 16.8 ) 
Unstable angina 9 ( 7.6 ) 
CHF 75 ( 63.0 ) 
Cerebrovascular accident 11 ( 9.2 ) 

CHF, congestive heart failure; NSTEMI, non-ST segment elevation myocardial in- 
farction; STEMI, ST-segment elevation myocardial infarction. 
a Cardiovascular event ( s ) in 90 days defined as present if primary or secondary di- 
agnosis of acute coronary syndrome, ST elevation myocardial infarction ( STEMI ) , 

non-ST elevation myocardial infarction ( NSTEMI ) , unstable angina, CHF, cere- 
brovascular accident, or death. 
b The no. of cardiovascular events is not mutually exclusive. 
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1

as no difference in the proportion of patients developing 
A-AKI among patients with and without CV events ( 11.7% vs.
.3%; P = .10 ) . Of patients developing CV events, 63% developed 
HF, 16.8% developed NSTEMI, 9.2% developed cerebrovascular 
ccident, 7.6% developed unstable angina, 1.7% developed 
TEMI, 3.4% developed acute coronary syndrome, and 23.5% 

ied ( Table 2 ) . 
Participants developing CV events had higher baseline 

erum creatinine, lower eGFR, and higher UACR. There was a 
igher prevalence of a history of CHF ( 56.3% vs. 36.9%; P < .001 ) 
t baseline and a higher proportion of low-osmolal contrast 
se compared with iodixanol ( 53.7% vs. 43.7%; P = .03 ) use 
mong patients developing CV events. There were no signifi- 
ant differences in other demographics, clinical, or procedural 
haracteristics between participants who did and did not 
evelop CV events. Patients with CV events were more likely 
o develop major adverse kidney events ( MAKE ) than patients 
ithout CV events ( 27.7% vs. 3.2%, P < .001 ) . This difference 
as primarily due to death as both CV event and MAKE def- 

nitions include death, and the need for dialysis by day 90 
 4.2% vs. 0.9%, P = .01 ) . However, of patients with non-fatal 
V events, there was no difference in the risk of MAKE ( [7/91] 
.7% vs. [26/796] 3.3%; P = .07 ) . There were no differences 
n participant characteristics between those enrolled in this 
iomarker sub-study and those in the PRESERVE trial ( Table S2 ,
ee online supplementary material ) [ 3 , 4 , 9 , 10 ]. 

iomarker concentration by cardiovascular events 

here were no differences in pre- and post-angiography median 
rinary [TIMP-2]•[IGFBP7] and urine creatinine-indexed urinary 
TIMP-2]•[IGFBP7] concentrations among those with and with- 
ut CV events ( Table 3 ) . Of 200 patients who had pre-angiography 
rinary [TIMP-2]•[IGFBP7] concentrations > 0.3 ng/mL, only 10% 

 n = 20 ) developed CV events. There was no difference in the 
isk of CV events among those patients with urinary [TIMP- 
]•[IGFBP7] concentrations of > 0.3 ng/mL and ≤0.3 ng/mL 
 pre-angiography, 10.0% vs 13.6%, P = .2; post-angiography,
6.2% vs 12.2%, P = .4 ) . However, pre- and post-angiography 
oncentrations of plasma BNP; serum Tn-I; and plasma hs-CRP 
ere significantly increased among those who developed CV 

vents compared with those who did not ( Table 3 ) . 

ssociation of biomarker concentration with 

ardiovascular events 

re-angiography urinary [TIMP-2]•[IGFBP7] and urine creatinine- 
ndexed [TIMP-2]•[IGFBP7] were not associated with the risk 
f CV events, whereas higher median concentrations of pre- 
ngiography plasma BNP ( aOR, 1.71, 95%CI, 1.42–2.06; P < .001; 
able 4 ) and post-angiography BNP ( aOR 1.69, 95%CI, 1.34–2.06; 
 < .001 ) were associated with risk of CV events ( Fig. 2 ) . However,
he predictive value was only modest ( pre-angiography AUROC,
.69, 95%CI, 0.64–0.75, and post-angiography AUROC, 0.68 95%CI,
.63–0.75; Fig. 3 ; Table 4 ) . 

Pre-angiography and post-angiography concentrations of 
erum Tn-I ( pre, aOR, 1.06, 95%CI, 1.00–1.12, P = .03; post, aOR,
.07, 95%CI, 1.00–1.16, P = .04 ) were associated with a higher 
isk of CV events ( Fig. 2 ) . However, they had only a modest
redictive value for CV events ( pre, AUROC, 0.63, 0.58–0.69; post,
.64, 0.58–0.70 ) . Higher concentrations of plasma hs-CRP ( pre,
OR, 1.11, 95%CI, 1.05–1.17; P < .001; and post, aOR, 1.11, 95%CI,
.05–1.18; P < .001 ) were associated with CV events though its 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
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Table 3: Biomarker: concentrations by cardiovascular event. 

Median ( IQR ) 

Biomarker 
Cardiovascular 
event ( n = 119 ) 

No 
cardiovascular 
event ( n = 803 ) 

Unadjusted 
P value Adjusted P value l 

Pre-angiography 
Urinary [TIMP-2]•[IGFBP7], ( ng/mL ) 2 /1000 a , b 0.16 

( 0.05–0.30 ) 
0.17 

( 0.05–0.40 ) 
.99 .41 

Urine creatinine-indexed urinary [TIMP-2]•[IGFBP7], 
( ng/mL ) 2 /1000 mg/dL c , d , e 

0.002 
( 0.001–0.003 ) 

0.002 
( 0.0009–0.003 ) 

.10 .55 

Plasma BNP, pg/mL f , g 197.0 
( 72.0–334.0 ) 

66.0 
( 27.0–161.0 ) 

< .0001 .01 

Serum troponin-I, ng/mL h , i 0.025 
( 0.01–0.08 ) 

0.01 
( 0.005–0.04 ) 

< .0001 .004 

Plasma hs-CRP, mg/L j , k 7.8 
( 3.1–10.4 ) 

3.4 
( 1.5–7.7 ) 

< .0001 < .001 

Post-angiography 
Urinary [TIMP-2]•[IGFBP7], ( ng/mL ) 2 /1000 a , b 0.05 

( 0.05–0.10 ) 
0.05 

( 0.05–0.10 ) 
.60 .70 

Urine creatinine-indexed urinary [TIMP-2]•[IGFBP7], 
( ng/mL ) 2 /1000 mg/dL c , d , e 

0.001 
( 0.0009–0.002 ) 

0.001 
( 0.0009–0.002 ) 

.36 .48 

Plasma BNP, pg/mL f , g 190.5 
( 89.0–363.0 ) 

73.0 
( 31.0–171.0 ) 

< .0001 .007 

Serum troponin-I, ng/mL h , i 0.04 
( 0.01–0.13 ) 

0.02 
( 0.005–0.05 ) 

< .0001 .01 

Plasma hs-CRP, mg/L j , k 7.0 
( 2.2–10.4 ) 

3.1 
( 1.3–6.9 ) 

< .0001 .0004 

BNP, brain-type natriuretic peptide; dL, deciliter; hs-CRP, high sensitivity C-reactive protein; IGFBP, insulin growth factor binding protein; IQR, interquartile range; ng, 
nanograms; L, liter; mL, milliliter; pg, picograms; TIMP, tissue inhibitor of matrix metalloproteinase. 
a Pre-angiography urinary [TIMP-2]•[IGFBP7] concentrations were assayed in 797 patients. 
b Post angiography urinary [TIMP-2]•[IGFBP7] concentrations were assayed in 842 patients. 
c Pre-angiography urine creatinine-indexed urinary [TIMP-2]•[IGFBP7] concentrations were assayed in 791 patients. 
d Post-angiography urine creatinine-indexed urinary [TIMP-2]•[IGFBP7] concentrations were assayed in 836 patients. 
e Normalized for urine creatinine. 
f Pre-angiography plasma BNP concentrations were assayed in 884 patients. 
g Post-angiography plasma BNP concentrations were assayed in 838 patients. 
h Pre-angiography serum troponin-I concentrations were assayed in 911 patients. 
i Post-angiography serum troponin-I concentrations were assayed in 846 patients. 
j Pre-angiography plasma hs-CRP concentrations were assayed in 646 patients. 
k Post-angiography plasma hs-CRP concentrations were assayed in 592 patients. 
l Adjusted for differences in baseline eGFR and urine albumin-creatinine ratio ( UACR ) . 
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redictive value was only modest ( pre, AUROC, 0.65, 95%CI,
.58–0.72; post, AUROC, 0.66, 95%CI, 0.59–0.74; Fig. 4 ) . 

ediation analyses 

hile lower pre-angiography eGFR was significantly associated 
ith an increased risk of CA-AKI ( aOR, 1.03, 95%CI, 1.01–1.05;
 < .001 ) , UACR ( > 300 vs. < 30 mg/g ) was not ( aOR, 1.29, 95%CI,
.67–2.47, P = .4; Table 5 ) . However, both lower eGFR ( aOR, 0.98,
5%CI, 0.97–0.99; P = .039 ) and higher UACR were independently
ssociated with CV events ( aOR, 2.03, 95%CI, 1.22–3.41, P = .006 )
fter adjusting for history of CHF. In contrast, CA-AKI had no
ssociation with CV events ( aOR, 1.56, 95%CI, 0.79–3.08; P = .2 )
ven after excluding CHF from the CV events ( aOR, 1.65, 95%CI,
.67–4.03; P = .27 ) . The indirect effect of pre-angiography eGFR
n CV events mediated through CA-AKI was characterized by 
n OR of 1.00 with a 95%CI on bootstrap analyses of 0.99 to 1.00;
 = .29 ( Table 6 ; Fig. 5 ) . The estimated proportion of the total ef-
ect of pre-angiography eGFR on CV events mediated by CA-AKI
emonstrated no mediation ( percentage mediated, 7.6%, 95%CI,
118.45%–3.18%; P = .30; Table 6 ) . There was no significant
hange in mediation when biomarkers were added to the
odels ( Tables S3 and S4 , see online supplementary material ) . 

ISCUSSION 

n this multicenter prospective observational study of high-
isk patients with CKD undergoing angiography, most CA-AKI
pisodes were stage 1 AKI and were not associated with an
ncreased risk of CV events. We also found no significant differ-
nces in pre- and post-angiography concentrations of urinary
TIMP-2]•[IGFBP7] in patients with and without CV events. How-
ver, as expected, cardiac biomarkers plasma BNP, hs-CRP, and
erum Tn concentrations were higher among patients with CV
vents. Nevertheless, their discriminatory predictive capacity 
or the CV events was only modest. Lower pre-angiography
GFR levels and UACR were independently associated with a
igher risk of CV events, and mediation analysis revealed that

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad214#supplementary-data
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Table 4: Biomarker: association and risk prediction for cardiovascular events. 

Biomarker 
Unadjusted OR 

( 95%CI ) P- value 
Adjusted 

OR ( 95%CI ) a P -value 
AUROC 
( 95%CI ) 

Pre-angiography 
Urinary [TIMP-2]•[IGFBP7], ( ng/mL ) 2 /1000 0.91 

( 0.65–1.27 ) 
.58 0.88 

( 0.63–1.24 ) 
.47 0.49 

( 0.44–0.55 ) 
Log urine creatinine-indexed urinary [TIMP-2]•[IGFBP7], 
( ng/mL ) 2 /1000 mg/dL 

1.16 
( 0.94–1.43 ) 

.17 1.10 
( 0.88–1.36 ) 

.39 0.55 
( 0.49–0.61 ) 

Log plasma BNP, pg/mL 1.85 
( 1.56–2.21 ) 

< .001 1.71 
( 1.42–2.06 ) 

< .001 0.69 
( 0.64–0.75 ) 

Serum troponin-I, ng/mL 1.07 
( 1.01–1.12 ) 

.01 1.06 
( 1.00–1.12 ) 

.03 0.63 
( 0.58–0.69 ) 

Plasma hs-CRP, mg/L 1.12 
( 1.07–1.18 ) 

< .001 1.11 
( 1.05–1.17 ) 

< .001 0.65 
( 0.58–0.72 ) 

Post-angiography 
Urinary [TIMP-2]•[IGFBP7], ( ng/mL ) 2 /1000 1.11 

( 0.72–1.73 ) 
.62 1.00 

( 0.64–1.57 ) 
.99 0.51 

( 0.46–0.57 ) 
Log urine creatinine-indexed urinary [TIMP-2]•[IGFBP7], 
( ng/mL ) 2 /1000 mg/dL 

1.15 
( 0.88–1.51 ) 

.29 1.05 
( 0.79–1.40 ) 

.72 0.52 
( 0.46–0.58 ) 

Log plasma BNP, pg/mL 1.83 
( 1.53–2.20 ) 

< .001 1.69 
( 1.34–2.06 ) 

< .001 0.68 
( 0.63–0.74 ) 

Serum troponin-I, ng/mL 1.07 
( 1.00–1.15 ) 

.04 1.07 
( 1.00–1.14 ) 

.04 0.64 
( 0.58–0.70 ) 

Plasma hs-CRP, mg/L 1.12 
( 1.06–1.18 ) 

< .001 1.11 
( 1.05–1.18 ) 

< .001 0.66 
( 0.59–0.74 ) 

a Adjusted for baseline eGFR and urine albumin-creatinine ratio. 

Figure 2: Forest plot showing the adjusted odds ratios for pre-angiography and post-angiography biomarkers on the risk of cardiovascular events. 
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A-AKI episodes were not a mediator of the baseline eGFR on 
he risk of CV events. These results suggest that the increased 
isk of CV events in high-risk patients with CKD undergoing 
ngiography is due to underlying low eGFR and CV risk factors 
ather than less severe CA-AKI episodes. 

Many clinical studies have shown that CA-AKI is associ- 
ted with CV events [ 27 –29 ]. However, establishing causality 
n observational studies is difficult, and the observed strong 
ssociation between CA-AKI and CV events could be due to 
esidual confounding factors that cause both CV events and AKI 
 e.g. baseline eGFR, CV risk factors, hemodynamic changes ) . As 
erum creatinine is currently the routinely measured clinical 
arker of kidney function, previous studies have typically 
sed acute changes in creatinine to define CA-AKI. However,
hese prior studies generally used large registries and could 
ot distinguish the reasons for the change in serum creatinine 
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Figure 3: Receiver operator characteristic curves for pre-angiography and post-angiography kidney cell cycle arrest biomarkers for risk prediction of cardiovascular 
events. 
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1  
 prerenal/hemodynamic versus intrinsic CA-AKI due to contrast 
xposure ) . Thus, we used other kidney injury biomarkers to
arse this relationship in the clinical setting. Our study sug-
ests that minor and transient elevations in serum creatinine 
fter angiography in high-risk patients are mostly due to 
emodynamic changes rather than intrinsic tubular injury [ 3 ]. 
Our findings also support a previous mediation analysis 

hat found CA-AKI was not a mediator of the association
etween pre-angiography eGFR and the risk of major adverse 
idney events [ 30 ]. Our findings are relevant because several
bservational studies have documented lower utilization of 
ngiography among patients with CKD, which may relate to 
hysician concern for precipitating CA-AKI among those with 
KD [ 31 –40 ]. However, underutilizing potentially life-saving 
ontrast-enhanced procedures in high-risk patients may be 
eleterious because poor outcomes exist even before contrast 
xposure, and contrast exposure does not significantly increase 
he risk of CA-AKI and CV events in most patients [ 30 ]. It is also
ell recognized that the risk for progressive CKD after CA-AKI

s very low [ 10 , 30 , 41 ]. Thus, our findings further support the
oncept that undue concern for serious, adverse kidney or car-
iovascular sequelae of CA-AKI should not routinely limit the 
erformance of clinically indicated angiographic procedures. 
High circulating pre-angiography concentrations of serum 

n-I, BNP, and hs-CRP among patients with CV events suggest
hat these markers are elevated even before contrast exposure
mong patients predisposed to CV events and these cardiac
iomarkers did not modify the relationship of baseline eGFR
nd CA-AKI with CV events. These findings suggest that most
V events are attributable to underlying low baseline eGFR and
re-existing cardiovascular disease. 
There are several strengths to our study. First, we systemat-

cally assessed pre-angiography kidney function, prospectively 
racked the development of CA-AKI and CV events, and com-
rehensively adjusted for potential confounders in a clinical
rial setting. Second, to our knowledge, our study is the largest
o examine urinary [TIMP-2]•[IGFBP7] on the risk of CV events
mong patients undergoing angiography and at risk for CA-AKI.
hird, sample procurement, marker assays, reagents, and 
reeze-thaw methods were standardized across sites. 

Our study has several limitations. First, because most cases of
A-AKI were stage 1, we could not examine whether moderate-
o-severe CA-AKI episodes mediate the association of baseline
GFR with CV events. Second, we did not follow patients beyond
0 days of contrast exposure and could not assess whether stage
 CA-AKI episodes are associated with longer-term risk of CV
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Figure 4: Receiver operator characteristic curves for pre-angiography and post-angiography cardiac biomarkers for risk prediction of cardiovascular events. 
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Table 5: Association of eGFR with CA-AKI and CV events from mediation analysis. 

CV Event ( outcome ) Model CA-AKI ( mediator ) Model 

Characteristic adjusted odds ratio ( 95%CI ) P -value adjusted odds ratio ( 95%CI ) P -value 

eGFR 0.98 ( 0.97–0.99 ) .039 1.03 ( 1.01–1.05 ) < .001 
CA-AKI 1.56 ( 0.79–3.08 ) .2 
UACR ( > 300 vs. < 30, mg/g ) 2.03 ( 1.22–3.41 ) .006 1.29 ( 0.67–2.47 ) .4 
UACR ( 30-300 vs. < 30, mg/g ) 1.25 ( 0.75–2.09 ) .4 1.34 ( 0.76–2.38 ) .3 
CHF 2.05 ( 1.35–3.10 ) < .001 1.31 ( 0.79–2.17 ) .3 

CA_AKI, contrast-associated acute kidney injury; CHF, congestive heart failure; eGFR, estimated glomerular filtration rate; UACR, urine albumin-creatinine ratio. 

Table 6: Summary of estimation of mediation effects. 

Effect Estimate ( 95%CI ) 
Bootstrap bias 

corrected 95% CI P -value 

Total effect ( TE ) 0.98 ( 0.97–1.00 ) a 0.97–0.99 .052 
Controlled direct effect ( CDE ) 0.98 ( 0.97–0.99 ) a 0.97–0.99 .04 
Natural direct effect ( NDE ) 0.98 ( 0.97–0.99 ) a 0.97–0.99 .04 
Natural indirect effect ( NIE ) 1.00 ( 0.99–1.00 ) a 0.99–1.00 .29 
Percentage mediated ( PM ) −7.65 ( −24.06–8.76 ) −118.45–3.18 .36 
Percentage due to interaction ( PDI ) 4.60 ( −4.28–13.48 ) −2.22–19.98 .31 
Percentage eliminated ( PE ) −3.17 ( −13.23–6.88 ) −154.95–2.23 .53 

a Represents odds ratios adjusted for differences in urine albumin-creatinine ratio and history of congestive heart failure. 
TE represents the association of eGFR with CV events after accounting for all confounders in the model. CDE represents the association of eGFR with CV events after 
controlling for CA-AKI ( i.e. mediator ) . NDE represents the association of eGFR with CV events without controlling for CA-AKI. NIE is the association of eGFR with CV 

events mediated through CA-AKI ( non-significant ) . PM represents the percentage of NIE in relation to TE. Only 7.6% of the association of eGFR with CV events is 
mediated by CA-AKI ( non-significant ) . PDI represents the percentage of the TE due to the interaction between eGFR and CA-AKI, which is only 4.6% ( non-significant ) . 
PE represents the percentage of the association of eGFR with CV events that could be eliminated by intervening on CA-AKI. Because PE is only −3.1%, even if CA-AKI 
is eliminated, we can only expect a 3.1% lowering in CV events ( non-significant ) . 
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igure 5: Diagram depicting mediation analysis. Shown are odds ratios with 95%

A-AKI ( mediator ) , and the association of CA-AKI with CV event. The light blue 
vent. The blue dotted arrow from eGFR to CV event via CA-AKI represents the 
rrow from eGFR to CV event represents the natural direct effect of the associa

rom eGFR to CV event shows the controlled direct effect of eGFR on CV outcome
he association of eGFR with CV event after controlling for UACR, CHF, and CA-A
ardiovascular, eGFR, estimated glomerular filtration rate; OR, odds ratio; UACR,

vents. Third, the number of patients who developed CA- 
KI and CV events was small as only 17.8% of patients were
nrolled in the biomarker sub-study; thus, our study may 
e underpowered to detect the smaller risk of CV events.
ourth, most participants received diagnostic angiography 
nstead of a percutaneous coronary intervention, limiting 
ence intervals. The orange solid arrows represent the association of eGFR with

s represent the confounding association of UACR and CHF with CA-AKI and CV
l indirect effect of eGFR on CV event mediated via CA-AKI. The orange dashed
f eGFR with CV events without controlling for CA-AKI. The green dotted arrow

r controlling for CA-AKI only. The black solid arrow represents the total effect of
-AKI, contrast-associated acute kidney injury; CHF, congestive heart failure; CV,
albumin-creatinine ratio. 

he amount of contrast administered. Thus, our findings
ay not be generalizable to the most severe cases of CA-AKI
r to settings where greater volume of contrast is used. Fi-
ally, PRESERVE trial participants were predominantly men,
otentially limiting the generalizability of our findings to
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ONCLUSIONS 

n high-risk patients with CKD undergoing angiography, most 
A-AKI episodes were stage 1 AKI and were not associated with 
n increased risk of CV events. Less severe CA-AKI episodes also 
id not mediate the association of low pre-angiography eGFR 
ith CV events. However, low pre-angiography eGFR, high UACR,
igh plasma BNP, hs-CRP, and serum Tn-I levels were associated 
ith an increased risk of CV events. These findings suggest that 
aseline renal impairment and cardiac risk factors dominate 
dverse events among patients undergoing angiography. Our 
tudy should help inform and enhance the use of clinically 
ndicated contrast-enhanced procedures among patients at 
igh risk of CV events. Further research is required to examine 
hether moderate-to-severe CA-AKI episodes mediate the 
ssociation of low eGFR with CV events. 

UPPLEMENTARY DATA 

upplementary data are available at ckj online. 
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