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IMPORTANCE Radiocontrast has long been thought of as nephrotoxic; however, a number

of recent observational studies found no evidence of an association between intravenous

contrast and kidney injury. Because these studies are at high risk of confounding and

selection bias, alternative study designs are required to enable more robust evaluation of

this association.

OBJECTIVE To determine whether intravenous radiocontrast exposure is associated with

clinically significant long-term kidney impairment, using a study design that permits stronger

causal interpretation than existing observational research.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included all emergency department

patients aged 18 years or older undergoing D-dimer testing between 2013 and 2018 in the

Canadian province of Alberta. A fuzzy regression discontinuity design was used, exploiting

the fact that individuals just either side of the eligibility cutoff for computed tomographic

pulmonary angiogram (CTPA)—typically 500 ng/mL—havemarkedly different probabilities

of contrast exposure, but should otherwise be similar with respect to potential confounders.

EXPOSURES Intravenous contrast in the form of a CTPA.

MAIN OUTCOMES ANDMEASURES Estimated glomerular filtration rate (eGFR) up to 6months

following the index emergency department visit.

RESULTS During the study period 156028 individuals received a D-dimer test. Themean

age was 53 years, 68 206 (44%) weremen and 87 822 (56%) were women, and themean

baseline eGFR level was 86mL/min/1.73 m2. Patients just above and below the CTPA

eligibility cutoff were similar in terms of measured confounders. There was no evidence for

an association of contrast with eGFR up to 6months later, with a mean change in eGFR of

−0.4mL/min/1.73 m2 (95% CI, −4.9 to 4.0) associated with CTPA exposure. There was

similarly no evidence for an association with need for kidney replacement therapy (risk

difference [RD], 0.07%; 95% CI, −0.47% to 0.61%), mortality (RD, 0.3%; 95% CI, −2.9% to

3.2%), and acute kidney injury (RD, 4.3%; 95% CI, −2.7% to 12.9%), though the latter analysis

was limited bymissing data. Subgroup analyses were potentially consistent with harm among

patients with diabetes (mean eGFR change −6.4mL/min/1.73 m2; 95% CI, −15.4 to 0.2), but

not among those with other reported risk factors for contrast-induced nephropathy; these

analyses, however, were relatively underpowered.

CONCLUSIONS AND RELEVANCE Using a cohort study design and analysis that permits

stronger causal interpretation than existing observational research, we found no evidence

for a harmful effect on kidney function of intravenous contrast administered for CTPA in

an emergency setting.
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O
neof themost important reportedharmsof radiocon-

trast administration is acute kidney injury (AKI),

an adverse effect known as contrast-induced ne-

phropathy (CIN). Anumber of recent observational studies,1-8

however, found no association between contrast exposure

and adverse renal outcomes. These studies suggest that al-

thoughCINmayhave existedwith contrast agents used in the

past, modern agents and doses do not appear to be harmful.9

The existing evidence, however, is limited by anumber of po-

tential biases. First, confounding may result from baseline

differences in the risk of developing kidney injury between

exposure groups. For example, individuals receivingnoncon-

trast CT scans, often used as a comparator group, may be re-

ceiving such a scan because they are perceived to be at high

risk of kidney injury. In addition, selection bias may arise be-

causemany existing studies look at acute kidney injury (AKI)

as their outcome, and limit study inclusion to those with

appropriately timed repeat creatininemeasurements.1,6-8Al-

thoughcreatinine levelsmaybe routinelymeasuredafter con-

trast exposure due to a belief in CIN, serial creatinine mea-

surement inunexposed controls presumably reflects clinician

beliefs that thepatientshavesomeotherpredisposition toAKI.

These factorsmaycontribute to formingacontrol groupathigh

risk of kidney injury, creating a bias in favor of contrast and

thus potentially masking harm. Despite several studies find-

ingno evidence for CIN, theirmethodological limitations pre-

clude clear casual interpretation andmean that concern over

kidney injury fromcontrastexposure is stillwidespreadamong

clinicians. As a result, important diagnostic imaging and pro-

cedures may be avoided due to fear of CIN, especially among

patients with preexisting kidney impairment. To advance

knowledge on this question, new analytical approaches that

allow stronger causal interpretation are required.

Methods

The present study seeks to overcome the limitations of exist-

ingresearchbyusingtheregressiondiscontinuitydesign(RDD).

TheRDDapproach relieson theexistenceof a continuousvari-

able, the running variable, for which there is a cutoff that de-

termines eligibility for receiving treatment. Individuals who

fall just either side of the cutoff havemarkedlydifferent prob-

abilities of receiving the treatment, but are expected to have

very similar values of other characteristics, including poten-

tial confounders.10,11Bycomparingoutcomes in individuals just

either side of the cutoff, the RDD approach can provide effect

estimates from observational data that are largely free from

bothmeasured andunmeasured confounding.12-16 In the case

of intravenous contrast, this will be achieved by studying in-

dividuals receiving D-dimer testing (the running variable) in

the emergency department (ED). The most common indica-

tion for this test is suspected pulmonary embolism (PE),17,18

with those scoring above the cutoff—typically 500 ng/mL—

more likely to receive contrast in the form of a computed to-

mographic pulmonary angiogram (CTPA) to rule in or rule out

the diagnosis. Approval for this study was obtained from the

Health Research Ethics Board of the University of Alberta

(Pro00091979), including a waiver for obtaining participant

consent due to the deidentified and retrospective nature of

the data.

Study Population and Data

The studypopulation includedall individuals aged 18years or

older who had a D-dimer measured during an ED visit in the

Canadian province of Alberta between April 1, 2013 and June

30, 2018. Patients were excluded if they did not also have a

baseline estimated glomerular filtration rate (eGFR) reported

within 2 hours of the D-dimer result, or if they received kid-

ney replacement therapy (dialysis or kidney transplantation)

in the preceding 6 months. For individuals with eligible re-

peat visits, only the first visit was included.

Like all Canadian provinces, Alberta has universal pub-

licly funded health care. Laboratory and imaging data from

across theprovince, aswell aspatientdemographics andclini-

cal covariates, are stored incentralAlbertaHealthServicesdata

sets, and can be linked by a unique identifier. These include

the laboratory, imaging, and discharge abstract data sets, and

ED visit summaries.19-21

Outcome and Exposure Variables

The primary outcome was long-term kidney function, mea-

sured by eGFR up to 6months after the index ED visit. Long-

termkidney function is amorepatient-centeredoutcome than

AKI because it ismore proximate to harder clinical endpoints

such as permanent kidney replacement therapy. It also helps

address theproblemof selectionbias that ariseswithusingAKI

as an outcome, as the indications for testing eGFRmonths af-

ter the EDvisit aremuch less likely to be affected by variables

associatedwith the initialprobabilityofCTPAexposure.Where

multiple eGFRmeasurements were taken in the 6months af-

ter the index visit, the latestmeasurementwas used. Second-

ary outcomes were receipt of kidney replacement therapy

(dialysis or kidney transplantation) in the 6 months after the

index ED visit, AKI—defined as an increase in creatinine lev-

els of 50% or 0.3 mg/dL (26 μmol/L) within 7 days—and all-

cause mortality at 6 months.

The primary exposure was receipt of CTPA during the in-

dexEDvisit.Additional covariates thatmaybeassociatedwith

the outcome were included in the statistical analyses to im-

prove the precision of effect estimates.22-24 These were age,

Key Points

Question Is intravenous radiocontrast associated with clinically

significant kidney injury?

Findings In this quasi-experimental cohort study of 156028

individuals, exposure to intravenous contrast was associated with

a 0.4mL/min/1.73 m2 reduction in estimated glomerular filtration

rate up to 6months later, which was not statistically significant

nor clinically meaningful.

Meaning Intravenous contrast was not associated with significant

long-term kidney injury; the regression discontinuity design used

in this study allows for greater confidence that this effect estimate

is not distorted by confounding.
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baseline eGFR, sex, diabetes, hypertension, cancer, coronary

artery disease, ED triage score, and Charlson comorbidity in-

dex. Further details on these variables are provided in Expo-

sure Variables in the Supplement.

Statistical Analysis

We used a fuzzy RDD analysis to estimate the association of

CTPAexposurewith long-termeGFR,withD-dimeras the run-

ning variable. Fuzzy RDD is a form of instrumental variable

analysis,where themagnitudeof the jumpordiscontinuity in

the exposure that occurs at the cutoff is used to rescale any

discontinuity in the outcome that occurs at the cutoff.25 This

maintains the unconfounded effect estimate of the RDD ap-

proach while accounting for imperfect compliance with the

treatment cutoff. The resulting effect estimate is the com-

plier average causal effect,which is the effect of the interven-

tion among those whose treatment allocation is determined

by the cutoff (compliers).11

For each outcome, we report both the intention-to-treat

(ITT) effect of crossing the D-dimer cutoff, and the rescaled

complier average causal effect attributable to CTPA itself. For

the primary outcome, the effect estimate will be the differ-

ence in long-termeGFR,whereas for thebinary secondaryout-

comes, it will be the risk difference (RD). The associations be-

tween the running variable and both (1) the exposure and

(2) the outcomewere evaluated using local linear regression,

with separate regression lines fitted above and below the

cutoff.26,27 The difference in where these lines intersect

the cutoff quantify the discontinuity in the exposure and

outcome.16 The local linear approach minimizes bias by lim-

iting the study sample to adefinedbandwidth around the cut-

off in which a linear regression can be estimated. This re-

duces the risk of misspecification errors that may arise from

themore complex functional forms that are needed to fit the

regression curve across the whole range of the running vari-

able values.28 The size of the bandwidth, which was allowed

to vary above vs below the cutoff, was automatically selected

usingadata-drivenmethod that seeks tooptimallybalance the

bias-variance trade off.29,30 We used an asymmetric band-

widthasweanticipatedanasymmetricdistributionof the run-

ning variable, D-dimer, and optimization of the bias-variance

tradeoffmayvary for thedifferent regression slopes oneither

side of the cutoff. A triangular kernel was used, such that in-

dividuals closest to thecutoffweremoreheavilyweightedthan

those further away. To account for potential misspecification

of the regression functionand theadditional variance that this

generates, bias-adjusted robust CIs were estimated.31,32

Although in most hospitals in the study, a D-dimer cutoff

of 500 ng/mL was considered a positive result, some used

460ng/mLor470ng/mLasthecutoff.33,34Allparticipantsthere-

forehadtheirD-dimercenteredonwhichevercutoffwasusedin

theinstitutionoftheir indexEDvisit. IndividualswhoseD-dimer

fell exactly on the cutoff were excluded from analysis because

their classification with regard to the cutoff is ambiguous and

may thus result in distortion of the treatment discontinuity.

Additional analyses were performed to assess the sensi-

tivity of results to bandwidth size and symmetry, along with

global (ie,whole data set) analyses usingpolynomials of vary-

ing degrees. Subgroup analyses were carried out to explore if

the effect of treatment varied between groups considered to

be at high and low risk of CIN,35 using the method of Altman

andBland.36Finally,weperformedan analysis using all eGFR

measurements between 7 days and 6 months after the index

ED visit as the outcome, with a variance estimator robust to

clustering by participant,37 to determine if this could im-

prove the precision of our effect estimates. Details of these

additional analyses are provided in Supplementary Analyses

in the Supplement.

All analyses were limited to complete cases. As a retro-

spectivestudyrelyingonroutinelycollectedclinicaldata, there

may be significant missing data for the primary outcome of

long-term eGFR and secondary outcome of AKI.We assessed

whether this may give rise to selection bias by evaluating if

(1) the frequency ofmissingness and (2) timing of data collec-

tion, changed at the cutoff. If there was no association be-

tween treatment group and data missingness, as evidenced

byno change at the cutoff, thiswouldprovide confidence that

theuseof a complete case analysiswouldnot result inmarked

selection bias. This reflects the fact that selection bias re-

quires the existence of an association between study inclu-

sion and treatment group.38 In contrast because Alberta has

universal health care and administrative data should capture

all episodesof newdialysis, kidney transplant, or death, these

outcomes shouldhavenomissingdataexcept forpatientswho

move out of province.

All analyses were performed using Stata statistical soft-

ware (version 15, Stata Corp), with the primary and second-

ary analyses using the rdrobust package.37 Two-sided alpha

was set at 0.05. The code used in the statistical analysis is

available at https://github.com/goulden/contrast.

Table 1. Characteristics of Individuals Undergoing

Emergency Department D-Dimer Testing

Variable Value (%)

Discontinuity
at the D-dimer
cutoff

Age, mean (SD), y 53 (19) 0.02

Male 44 1.6%

Baseline eGFR, mean (SD),
mL/min/1.73 m2

86 (26) 0.07

Diabetes 12 0.03%

Hypertension 13 −1.8%

Coronary artery disease 5 −0.1%

Cancer 3 0.3%

CTAS score

1-2 40

0.043 45

4-5 15

Charlson comorbidity index score

0 71

0.002
1 16

2 7

≥3 7

Abbreviations: CTAS, Canadian Triage and Acuity Scale; eGFR, estimated

glomerular filtration rate.
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Results

There were 156028 individuals who received a D-dimer test

and met inclusion criteria during the study period (eFigure 1

in the Supplement). Patient characteristics are described in

Table 1. The mean age was 53 years, 68206 (44%) were men

and 87822 (56%) were women, and the mean baseline eGFR

was 86 mL/min/1.73 m2. eTable 1 in the Supplement groups

patients by CTPA receipt, demonstrating between group dif-

ferences thatmay lead to confounding if analyzed using con-

ventional methods. The association between D-dimer and

receipt of CTPA, as well as several potential confounders, is

depicted in Figure 1 and eFigure 2 in the Supplement. This

demonstrates a clear 23% discontinuity in CTPA exposure at

the D-dimer cutoff. There is no evidence of any discontinuity

for potential confounders (Table 1), meaning that exposure

groups were well balanced at the cutoff, corroborating the

assumptions underlying the RDD analysis.

Data on the primary outcome, long-term eGFR, was

available for 84624 patients (54%) (eTable 2 in the Supple-

ment). The frequency of missing eGFR measurements and

their timing did not change at the cutoff (eTable 3, eFigure 3

in the Supplement). The median time to the last eGFR test in

the 6 months following the ED visit was 3.7 months (inter-

quartile range, 1.8-5.1). Bandwidths of 80 ng/mL below and

1190 ng/mL above the cutoff were automatically selected by

the software package, within which 29 830 patients were

included. The estimated ITT effect of the D-dimer cutoff on

long-term eGFR is depicted in Figure 2A, with a nonsignifi-

cant discontinuity of −0.1 mL/min/1.73 m2 (95% CI, −1.2 to

1.1) (Table 2).

In the local linear fuzzy RDD analysis, there was no evi-

dence of an association of intravenous contrast with long-

termeGFR,withaneGFRchangeof−0.4mL/min/1.73m2 (95%

CI, −4.9 to4.0) attributable toCTPAexposure causedbycross-

ing theD-dimer cutoff (Table 2). A sensitivity analysis includ-

ing all 84 624 patients and using a global cubic polynomial

fuzzy RDD approach similarly found no evidence of an asso-

ciation, with an eGFR change of 0.4mL/min/1.73m2 (95%CI,

−2.1 to 2.8) attributable toCTPAexposure (Figure 2B; eTable 4

in the Supplement). Of 8 sensitivity analyses using different

Figure 1. Association Between D-Dimer and Primary Exposure and Potential Confounders
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A, Primary exposure. B, C, and D, Potential confounders. The blue circles represent themean value for individual patients and the dotted lines indicate the D-dimer

cutoff. CTPA indicates computed tomographic pulmonary angiogram; eGFR, estimated glomerular filtration rate.
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bandwidths and polynomial orders, 7 found no evidence of

an association (eTable 4 in the Supplement).

Overall, 165 (0.11%) patients required kidney replacement

therapyduring the6months following theirEDvisit (161dialy-

sis, 4 kidney transplant). Therewas no evidence of an associa-

tion of CTPA exposure with the need for kidney replacement

therapy (RD, 0.07% [95%CI, −0.47% to0.61%]) (Table 2; eFig-

ure 4A in the Supplement). Of those with repeat creatinine

levelsmeasuredwithin7days,4147 (9.7%)developedAKI,with

noevidenceofanassociationofcontrastexposurewith this risk

(RD, 4.3% [95%CI, −2.7% to 12.9%]) (Table 2; eFigure 4B in the

Supplement). However, repeated creatinine measurements

within7dayswereonlyavailable for42691patients (27%),with

a discontinuity in missingness at the cutoff (eTable 3, eFig-

ure 5A in the Supplement). Overall, 6656 patients (4.3%) died

in the 6months following the indexEDvisit,with no evidence

ofanassociationwithCTPA(RD,0.3%[95%CI,−2.9%to3.2%]).

Subgroup analyses (Table 3) found no evidence that the

association of contrast with long-term eGFR varied by base-

line eGFR, age, or hypertension. Among those with diabetes,

the association was potentially consistent with harm al-

though not statistically significant, with an eGFR change of

−6.4 mL/min/1.73 m2 (95% CI, −15.4 to 0.2; P for heteroge-

neity = .12). In a sensitivity analysis using all eGFR measure-

ment 7 days to 6 months after the index ED visit as the out-

come, CTPAexposurewas associatedwith an eGFR change of

−0.9 mL/min/1.73 m2 (95% CI, −7.6 to 2.4).

Discussion

In this large,multiyear studyusingpopulation-baseddata,we

found no evidence for an association of intravenous contrast

with kidney functionmeasured by eGFRup to 6months after

exposure to CTPA. There was similarly no evidence of an as-

sociation with the risk of renal replacement therapy, all-

cause mortality, or AKI, though the latter analysis was lim-

ited by missing data. Results were consistent across most

subgroups thought tobeat elevated riskofCIN, although these

analyses were relatively underpowered.

Definitively proving a negative is difficult, but the results

of our study suggest that a clinically significant association of

intravenous contrastwith long-termrenal function is veryun-

likely.The lower95%CIofourprimaryoutcome,aneGFRdrop

of 4.9mL/min/1.73m2, is less than one-fifth of a standard de-

viation of baseline eGFR and of limited clinical significance.

Furthermore, the point estimates in our primary analysis and

in 6 of the 8 sensitivity analyses (eTable 4 in the Supplement)

yielded an eGFR difference (positive or negative) of less than

1.5 mL/min/1.73 m2 attributable to CTPA. On the other hand,

for our secondary outcomes of AKI and renal replacement

therapy, it is more challenging to reject the possibility of an

Figure 2. Association Between D-Dimer and Long-term eGFR
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indicate the D-dimer cutoff and the shaded area shows the local linear regression bandwidth. eGFR indicates estimated glomerular filtration rate.

Table 2. Effect of D-Dimer Cutoff (ITT) and CTPA Exposure

(Complier Average Causal Effect) on Primary and Secondary Outcomes

Outcome
Population
mean

eGFR, difference
(95% CI)

Primary outcomes

Long-term eGFR,
mL/min/1.73 m2

D-dimer cutoff 80.9 −0.1 (−1.2 to 1.1)

CTPA −0.4 (−4.9 to 4.0)

Secondary outcomes, risk difference, % (95% CI)

Renal replacement therapy

D-dimer cutoff 0.11 0.07 (−0.03 to 0.19)

CTPA 0.07 (−0.47 to 0.61)

Acute kidney injury

D-dimer cutoff 9.7 0.9 (−0.5 to 3.0)

CTPA 4.3 (−2.7 to 12.9)

All-cause mortality

D-dimer cutoff 4.3 0.1 (−0.7 to 0.8)

CTPA 0.3 (−2.9 to 3.2)

Abbreviations: CTPA, computed tomography pulmonary angiogram;

eGFR, estimated glomerular filtration rate; ITT, intention-to-treat.
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association. Although the differencewas not statistically sig-

nificant, the point estimate and upper 95% CI of the AKI out-

come were consistent with a clinically significant associa-

tion. However, this analysis may be at risk of selection bias

(eTable 3 in the Supplement), and the null effect of the pri-

mary analysis suggests that if there was any acute kidney in-

jury it did not progress to long-term injury. The point esti-

mate and upper 95% CI of the kidney replacement therapy

outcome were very small in absolute terms, though a clini-

cally relevant relative effect could not be excluded.

In our subgroup analyses of potentially high-risk pa-

tients, noneof the stratum-specific effect estimates or tests of

heterogeneity led us to reject the null hypothesis of no effect.

However, these analyses were relatively underpowered. The

point estimates for most potentially high-risk subgroups—

those with eGFR lower than 45 mL/min/1.73 m2, older than

60years, orhypertension—werevery small, although their CIs

included potentially clinically significant effects. The point

estimate for patientswith diabetes, however, was potentially

compatible with clinically significant harm. Despite being an

independent risk factor for acute and chronic kidney injury,

most existing studies do not find evidence that diabetes spe-

cifically increases the risk of CIN.39-41However, given the risk

of residual confounding in existing research, and our finding

consistent with possible harm, further research using caus-

ally robust methodology is warranted in this subgroup.

These findings are consistent with a number of existing

studies1-5 findingnoassociationbetween intravenous contrast

and kidney injury. However, our quasi-experimental design

allows for causal interpretationwithmuch greater confidence

thanexisting research.At theD-dimer cutoff, therewasnoevi-

dence of discontinuities in any of the measured confounders,

analogous to a well-balanced randomized clinical trial, lend-

ing support to the idea that the same is true for unmeasured

confounders.

Anadditionalbenefitofourstudywastheability toevaluate

the risk of selection bias. Unlike many other studies that limit

inclusion to thosewith repeated creatininemeasurements,1,6-8

our inclusioncriteriawerebasedsolelyonbaselinecharacteris-

tics.Althoughweperformedcompletecaseanalyses,wewereable

toevaluate theriskofselectionbiasbyexploring theassociation

between the D-dimer cutoff and the risk of missing data (and

henceexclusionfromtheanalysis).Theabsenceofadiscontinu-

ity inmissingnessmeans there isnoassociationbetweenexpo-

sure group and study inclusion, significantly reducing the pos-

sibilityofselectionbias.38Ofnote,wedidfindevidenceforanas-

sociationbetweenexposure status andoutcomemeasurement

foroursecondaryoutcomeofAKI, raisingaconcernforselection

bias instudiesthat limit inclusiontothosewithrepeatshort-term

creatininemeasurements.Although therewasnoevidenceofa

discontinuity inmissingnessforourprimaryoutcome, it remains

possible thatCTPAexposurewould increase eGFR retesting for

some(eg,bycausingAKI)anddecrease it forothers (eg,bycaus-

ingmortality), thuspotentiallygivingrisetoselectionbiasdespite

no detectable discontinuity in outcomemissingness.

Additional strengths of our study include the large sample

size, comprising more participants that the total number in a

recentmeta-analysis5onthisquestion,andtheuseofacompre-

hensivepopulation-widedata set,maximizing representative-

ness, andprovidingnear complete outcomeascertainment for

the kidney replacement therapy andmortality outcomes.

Limitations

Theprincipal limitationof anyRDDanalysis relates to thegen-

eralizability of the results. Because the treatment effect is

estimated for thosewhose D-dimer value falls at the cutoff, it

may not apply to those further away from this value. Because

this is a fuzzy RDD analysis, the treatment effect is further re-

stricted to thoseat thecutoffwhoarecompliers ie, thosewhose

receipt of a contrast-enhanced scan is determined by the cut-

off. Individuals perceived to be at higher risk of kidney injury

are less likely tohave their CTPA receipt determinedprimarily

by theirD-dimer results, thusmaybeunderrepresentedamong

compliers.However,supplementaryanalysesfoundnoevidence

of heterogeneity of the treatment effect between compliers

and noncompliers ( Supplementary Analyses and eFigure 6 in

the Supplement).

An additional potential limitation is violation of the ex-

clusion restriction, whereby exposures other than intrave-

nouscontrast areaffectedbycrossing thecutoff. It is likely that

in patients perceived to be at high risk of kidney injury, clini-

cianswouldhave taken steps tomitigate this risk, such aspre-

scribingprophylacticprehydration. Itwasnotpossible toevalu-

ate this directly because treatment data was not available in

our data set. Whether such mitigation strategies would have

masked any harm from contrast is called into question, how-

ever, by multiple randomized clinical trials42-45 showing no

effect of these therapies on the risk of postcontrast AKI.

Conclusions

To our knowledge, this study provides the strongest evidence

to date that intravenous contrast is not associatedwith signifi-

cantkidney injury, furtherchallenging theconsiderableclinical

preoccupationwith the occurrence and prevention of CIN.

Table 3. Effect of CTPA Exposure on Long-term eGFR by Subgroup

Variable
eGFR difference (95% CI),
mL/min/1.73 m2

P value for
heterogeneity

Overall effect estimate −0.4 (−4.9 to 4.0) NA

Baseline eGFR,
mL/min/1.73m2

≥45 −3.6 (−9.5 to 1.8) .74

<45 0.5 (−12.1 to 33.8)

Age, y

<60 0 (−5.3 to 5.7) .62

≥60 −2.1 (−9.2 to 3.7)

Diabetes

No 0.8 (−4.0 to 5.9) .12

Yes −6.4 (−15.4 to 0.2)

Hypertension

No −0.2 (−5.1 to 5.0) .82

Yes −1.3 (−9.9 to 6.4)

Abbreviations: CTPA, computed tomography pulmonary angiogram;

eGFR, estimated glomerular filtration rate; NA, not applicable.
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Exposure variables 

Age and baseline eGFR were modelled using restricted cubic splines. Sex, diabetes, hypertension, 

cancer, and coronary artery disease were modelled as binary variables. Finally, the Canadian Triage and 

Acuity Scale (CTAS) score from the index ED visit and Charlson comorbidity index (with values ≥5 
grouped into one) were modelled as linear. Co-morbidity data were based on diagnoses present in 

National Ambulatory Care Reporting System (NACRS) ED visit summaries or the discharge abstract 

dataset for the index ED visit or any healthcare visit in the preceding 6 months. 

Supplementary analyses 

Alternate bandwidth sizes 

Symmetric bandwidths of various sizes were used to assess the sensitivity of the local linear regression 

result to bandwidth symmetry and size, along with �global� RDD analyses (including the whole dataset) 

using different polynomial orders and conventional inference methods. See eTable 3 for results. 

Comparison of compliers to non-compliers 

We evaluated if the effect among compliers could be generalized to non-compliers (i.e. those whose 

CTPA exposure was not determined by the cutoff), by using the F-test described by Bertanha and 

Imbens1. We found no evidence of heterogeneity of treatment effect, with the F-statistic p = 0.62. See 

also eFigure 6. 

Use of all eGFR outcome values 

We performed an analysis using all eGFR outcome measurements between 7 days and 6 months post 

index ED visit, as opposed to just the last measurement, to determine if this would improve the precision 

of our estimates. We used the same fuzzy RDD as our primary analysis, but included all outcome 

measures, and a cluster-robust variance estimator with each subject defined as a cluster2. The results of 

this analysis are reported in the main text. 
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Supplementary tables 

eTable 1 

Characteristics of individuals by CTPA receipt 

 CTPA  

  No Yes Total 

 N=131,753 N=24,275 N=156,028 

Age, mean (SD) 52 (19) 60 (18) 53 (19) 

Male 44%  45%  44%  

Baseline eGFR (mL/min/1.73m2), mean (SD) 87 (26) 82 (23) 86 (26) 

Diabetes 12%  14%  12%  

Hypertension 12%  16%  13%  

Coronary artery disease 5%  6%  5%  

Cancer 3%  8%  3%  

CTAS    

1-2 38%  48%  40%  

3 45%  44%  45%  

4-5 17%  8%  15%  

Charlson co-morbidity index    

0 73%  61%  71%  

1 15%  20%  16%  

2 6%  9%  7%  

≥3 6%  11%  7%  

Abbreviations: CTPA, computed tomography pulmonary angiogram; eGFR, estimated glomerular filtration 
rate; CTAS, Canadian Triage and Acuity Scale. 

 

eTable 2 

Variables with missing data 
Variable Missing (%) 

Long-term eGFR 46%  

Acute kidney injury 73%  

Canadian Triage and Acuity Scale 1%  

Complete data was available for all other variables. 

Abbreviations: eGFR, estimated glomerular filtration rate. 

 

eTable 3 

Difference in missingness and timing of outcome measurements at the D-dimer cutoff 
 Difference in prevalence of missingness (95% CI) 

Long-term eGFR -0.5% (-3.3 to 3.2%) 

Acute kidney injury -2.7% (-4.6 to -0.5%) 

 Difference in timing of measurement (95% CI) 

Long-term eGFR 0.7 days (-2.1 to 3.9 days) 

Acute kidney injury 1.5 hours (-2.0 to 3.9 hours) 

Abbreviations: eGFR, estimated glomerular filtration rate; CTAS, Canadian Triage and Acuity Scale. 
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eTable 4 

Effect of CTPA exposure on long-term eGFR using different bandwidths 
Bandwidth size (above and below) CTPA effect on long-term eGFR (95% CI) 

Local linear regression with varying bandwidths  

50 ng/ml -9.3 (-36.4 to 15.4) 

100 ng/ml 0.8 (-18.7 to 3.9) 

250 ng/ml 1.4 (-3.9 to 6) 

500 ng/ml -0.6 (-1.6 to 4.6) 

Global regression using varying polynomial 
degrees 

 

2 1.2 (-0.5 to 2.8) 

3 0.4 (-2.1 to 2.8) 

4 -3.7 (-7 to -0.4) 

5 0.7 (-3.8 to 5.2) 

Abbreviations: CTPA, computed tomography pulmonary angiogram; eGFR, estimated glomerular filtration 

rate. 
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Supplementary figures 

eFigure 1 

Participant inclusion flow diagram 
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eFigure 2 

Association between D-dimer and primary exposure (A) and potential confounders (B-I) 
 

 
Abbreviations: CTPA, computed tomography pulmonary angiogram; eGFR, estimated glomerular filtration 

rate; CTAS, Canadian Triage and Acuity Scale. 
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eFigure 3 

Missingness (A) and timing (B) of data collection for primary outcome, long-term eGFR 

 

 

  

0

.2

.4

.6

.8

1

P
ro

p
o

rt
io

n

0-500 500 1000 1500

D-dimer (ng/ml) relative to cutoff

A

0

40

80

120

160

200

D
a

ys
 s

in
ce

 E
D

 v
is

it

0-500 500 1000 1500

D-dimer (ng/ml) relative to cutoff

B



© 2021 American Medical Association. All rights reserved. 

eFigure 4 

Association between running variable, D-dimer, and need for renal replacement therapy 

within 6 months (A), acute kidney injury within 7 days (B), and call-cause mortality (C) 

 

 

eFigure 5 

Missingness (A) and timing (B) of data collection for acute kidney injury outcome 
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eFigure 6 

Association between running variable, D-dimer, and long-term eGFR among those 

unexposed to CTPA (A) and those exposed to CTPA (B)  

 

 
In A (CTPA unexposed), subjects below the cutoff are a mix of compliers (people whose CTPA receipt is 

determined by the cutoff) and non-complier �never-takers� (people who would not have received a CTPA 

even if their D-dimer value was above the cutoff); subjects above the cutoff are all non-complier �never-

takers�. In B (CTPA exposed), subjects below the cutoff are all non-complier �always-takers� (people who 

received a CTPA despite being below the cutoff); subjects above the cutoff are a mix of compliers and 

non-complier �always-takers� (people who would have still received a CTPA even if their value was below 

the cutoff). A lack of outcome discontinuity at the cutoff is consistent with no significant difference 

between compliers, for whom our fuzzy RDD effect is estimated, and non-compliers. 
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