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1. Prognostic accuracy of risk
assessment tools/questionnaires

1.1. Review question

What is the prognostic accuracy of risk assessment tools/questionnaires to
predict the occurrence of AKI following the administration of iodine-based
contrast media?

1.1.1. Introduction

The focus of the 2024 guideline update is to update the recommendations on assessing risk
factors for acute kidney injury in adults having iodine-based contrast media. Topic experts
highlighted that the recommendation to measure eGFR in all adults before a contrast scan in
the NICE guideline on acute kidney injury may lead to unnecessary cancellation of scans.

Topic experts also stated that concerns about iodine-based contrast media causing acute
kidney injury are reducing, especially with modern contrast agents that are much less toxic
than older agents. The NICE recommendations were developed in 2013, and since then,
several external guidelines have moved away from a 'test all' position to a risk stratification
policy and recommend a screening questionnaire ahead of eGFR measurement. Topic
experts have indicated that a questionnaire-based approach might be satisfactory for most
patients. This review update evaluates the latest evidence for validated risk assessment tools
and questionnaires.

1.1.2. Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question

Population Adults receiving iodine-based contrast media
Strata:
e Intravenous vs intra-arterial media administration
Exclusion:
e High osmolar contrast media
Risk tool Validated risk assessment tools/questionnaires for acute kidney injury
Patient Diagnosis of an acute kidney injury using any study definition
outcomes
Timeframe:
»  Within 7 days of contrast administration
Statistical Primary outcomes:
outcomes . Sensitivity and specificity
. Positive and negative predictive values
. Positive and negative likelihood ratios
. Area under the receiver operator curve (AUC)

o Had to report variance.
Calibration (Hosmer-Lemeshow test)
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Minimal important difference (MID):
»  Sensitivity: upper= 80%, lower= 60%
»  Specificity: upper= 90%, lower= 80%
* AUC: upper=0.70, lower= 0.50
* Hosmer-Lemeshow: p value >0.05

Secondary Outcomes (include only if reported in papers reporting primary

outcomes):

. Mortality (risk ratio, odds ratio or hazard ratio)

. Dialysis (risk ratio, odds ratio or hazard ratio)
Study design «  Prospective cohort studies

» Systematic reviews of prognostic cohort studies

1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Risk prediction tools evidence

1.1.4.1. Included studies

Nineteen studies on twenty eight risk tools for contrast associated acute kidney injury (CA-
AKI) were included in the review;(Liang, et al., 2023; Buratti, et al., 2021; Lei, et al., 2020;
Liu, et al., 2020; Liu, et al., 2020; Seibert, et al., 2020; Serif, et al., 2020; Alan, et al., 2019;
Chaudhary, et al., 2019; Connolly, et al., 2018; Lu, et al., 2016; Kul, et al., 2015; Ando, et al.,
2014; Ando, et al., 2013; Gurm, et al., 2013; Tziakas, et al., 2013; Sgura, et al., 2010; Liu, et
al., 2014; Victor, et al., 2014) Evidence from these studies is summarised in the clinical
evidence summary below.

All evidence identified was for intra-arterial contrast administration. No evidence was
identified for intravenous administration. The most frequently reported risk prediction tool was
the Mehran risk tool, included in fourteen studies. Other risk prediction tools reported in
multiple papers were those developed by Ando, Bartholomew, Marenzi, Inohara, Ghani,
Gurm and Tziakas. All other risk prediction tools were reported in a single study. Not all data
was from derivation studies, with some studies reporting risk tools that had previously been
developed in separate populations. Derivation studies that also included appropriate
validation methods from Bartholomew, Ghani, Liu, Maioli and Mehran were not included in
this review due to incomplete reporting (AUC without variance data). Subsequent studies that
utilised the risk tools developed in the aforementioned studies were included.

1.1.4.2. Excluded studies

See the excluded studies list in Appendix .

6
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1.1.5. Summary of studies included in the prognostic evidence

Table 3: Summary of studies included in the evidence review

Study

Alan 2019
(Alan,
Guenancia,
Arnould,
Azemar, Pitois,
Maza, Bichat,
Zeller,
Gabirielle,
Bron, Creuzot-
Garcher and
Cottin, 2019)

Ando 2014
(Ando, de
Gregorio,
Morabito, Trio,
Saporito and
Oreto, 2014)

Ando 2013
(Ando,
Morabito, de
Gregorio, Trio,
Saporito and
Oreto, 2013)

Buratti 2021
(Buratti, Crimi,
Somaschini,

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
tools / eGFR FINAL (October 2024)

Risk tool

Mehran risk
score (cut-off: 5)
GRACE score
(cut-off: 142)

Study-developed
risk score (AGEF
score):

Age
eGFR
LVEF
Contrast
volume :
eGFR
ratio

ACEF score:

o Age

o Ejection
fraction

e Serum
creatinin
e

Mehran risk
score (cut-off: 5)

Study-developed
risk score:

Population
N=216

Patient records
from a regional
survey of
patients
hospitalised with
acute coronary
syndrome who
underwent
coronary
angiography

Mean age (SD):
62.68 (12.38)
years

France
N=126

Non-consecutive
patients
undergoing
primary PCI
admitted within
12 hours of
STEMI symptom
onset

Mean age (SD):
64.3 (14.1)
years

Italy
N=481

Consecutive
patients referred
for primary PCI
due to STEMI
admitted within
12 hours of
symptom onset

Mean age (SD):
62 (12) years

Italy

N=1782

7

Outcomes
(including
definitions)

No. of event (n)

AKI (referred to as 21 (10%)

acute renal failure
in the paper), as
per KDIGO
criteria: increase
in serum
creatinine of
226.5 ymol/L at
48h after injection
or >50%
compared to the
initial dosage
within 7 days

Contrast-induced
AKIl, defined

as: increase in
serum creatinine
concentration
=20.5 mg/dL or
225% from
baseline within 72
hours after the
administration of
contrast medium,
without any other
plausible cause

Contrast-induced
nephropathy,
defined as:
increase in serum
creatinine 20.5
mg/dL or an
increase 225%
from baseline
within 72 hours of
contrast
administration,
without any other
plausible
aetiology

Contrast-induced
acute kidney
injury, defined as:

12 (9.5%)

25 (5.2%)

136 (7.6%)
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Study
Cornara,
Camporotondo,
Cosentino,
Moltrasio,
Rubino, De
Metrio,
Marana, De
Servi, Marenzi
and De Ferrari,
2021)

Chaudhary
2019
(Chaudhary,
Pathak, Kunal,
Shukla and
Pathak, 2019)

Connolly 2018
(Connolly,
Kinnin,
McEneaney,
Menown,
Kurth, Lamont,
Morgan and
Harbinson,
2018)

Gurm 2013
(Gurm, Seth,

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
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Risk tool
e Killip
class
e Diabetes
e Anterior
STEMI
o Age>75
e eGFR
<60
Mehran risk
score
Marenzi risk
score
Inohara risk
score

CHA2DS2 score

(cut-off: 24):

e Congesti
ve heart
failure or
ejection
fraction
<40%

e Hyperten
sion

o Age

e Diabetes

e Vascular
disease

e Female

e Previous
stroke or
transient
ischemic
attack

Mehran risk

score (cut-off:
=210)

Study-developed
risk score (full
model):

Population

Consecutive
STEMI patients
undergoing PCI

Mean age (SD):
63.7 (12.2)
years

Italy

N=300

Consecutive
patients
presenting with
acute coronary
syndrome and
undergoing PCI

Mean age (SD):
55.03 (9.56)
years

India

N=301

Patients at high
risk of AKI
(eGFR <60
ml/min) who
were assessed
prior to cardiac
catheterisation

Mean age (SD):
72.53 (8.30)
years

UK

N=20,572

8

Outcomes
(including
definitions)

an absolute
serum creatinine
increase 20.5
mg/dl in the first
72 hours

Contrast induced
nephropathy,
defined as the
elevation of serum
creatinine 20.5
mg/dL or 225%
increase in the
baseline serum
creatinine levels
within 48 hours

Contrast induced
AKIl, defined as
per KDIGO
guidelines:
absolute delta rise
in creatinine of
226.5 mmol/l or a
50% relative rise
from baseline at
48 hours following
contrast

Contrast-induced
nephropathy,
defined as:

No. of event (n)

41 (13.7%)

28 (9.3%)

505 (2.5%)
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Study
Kooiman and
Share, 2013)

Kul 2015 (Kul,
Uyarel,
Kucukdagli,
Turfan,
Vatankulu,
Tasal,
Erdogan,
Asoglu, Sahin,
Guvenc and
Goktekin,
2015)

Lei 2020 (Lei,
Xue, Guo, Liu,
He, Liu, Nie,
Chen, Chen,
Huang, Liang,
Chen, Liu and
Chen, 2020)

Liang 2023
(Liang, Li,
Zeng, Zhang,
Lv, Wei and
Wan, 2023)

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
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Risk tool
contained 46
variables, see
evidence tables
for full details.

Study-developed
risk score
(reduced model):
contained the 15
most important
variables from
the full model.

Mehran risk
score (cut-off: >5)

Zwolle risk score
(cut-off: >2)

Mehran risk
score

Study-developed
nomogram (cut-

off: 129)
Age
e Heart
rate
o Weight
e Hypotens
ion
e PCI
e Beta
blocker
use
Mehran risk
score

Population

Consecutive
patients
undergoing PCI

Mean age (SD):
65.0 (12.2)
years

USA

N=314

Consecutive
patients
admitted with
STEMI
undergoing
urgent cardiac
catheterisation

Mean age (SD):
56.33 (11.41)
years

Germany
N=643

Consecutive
patients
undergoing
coronary
angiography or
PCI

Mean age (SD):
69.88 (9.67)
years

China

N=842

Patients
admitted with
chest pain who
were diagnosed
with acute
coronary
syndrome and
underwent PCI

9

Outcomes
(including
definitions)
impairment in
renal function
resulting in 20.5
mg/dl absolute
increase in serum
creatinine level
from baseline

Contrast-induced
AKI, defined as: a
relative increase
in baseline serum
creatinine of
>25% and/or an
absolute increase
of 0.5 mg/ dI
within 72 hours
after contrast
administration

Contrast-induced
AKI, defined as:
serum creatinine
elevation 20.5
mg/dL or 25%
from baseline

No. of event (n)

38 (12.1%)

96 (14.9%)

within the first 48—
72 hours following
contrast exposure

AKIl, defined as
per KDIGO
standard:
elevated serum
creatinine level
>0.3 mg/dL
(26.5 mmol/L)
less than 2 days;
serum creatinine
increase to 1.5—
1.9-fold from the
baseline level,;
urine output<0.5

139 (16.5%)
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Study

Liu 2020 (Liu,
Liu, Lei, Wang,
Sun, Guo, He,
Song, Lun, Liu,
Chen, Chen,
Yang, Liu and
Chen, 2020)

Liu 2020a (Liu,
Chen, Ye,
Xian, Wang,
Xuan, Tan, Li,
Chen and Ni,
2020)

Liu 2014 (Liu,
Liu, Tan, Chen,
Chen, Chen,
He, Ran, Ye
and Li, 2014)

Lu 2016 (Lu,
Hsu, Chang,
Lin, Lee, Lin

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
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Risk tool

Study-developed

nomogram:
e eGFR
o Age
e Albumin
e |ABP
Mehran risk
score

Study-developed
model (full
model): see
evidence table
for full details

Study-developed
model (reduced
model)

Mehran risk
score

ACEF risk score

GRACE risk
score (cut-off:
>160)

Mehran risk
score

Mehran risk
score (cut-off: 7)

Population

Mean age (SD):
66.9 (13.0)
years

China
N=428

Patients with
hypoalbuminemi
a who were
undergoing
coronary
angiography or
PCI

Mean age (SD):
65.96 (11.02)
years

China
N=1041

Consecutive
patients
undergoing PCI
or coronary
angiogram

Mean age (SD):
62.82 (11.24)
years

China

N=251

Consecutive
patients with
STEMI
undergoing PCI

Mean age(SD):
62.74 (12.27)
years

China

N=664

10

Outcomes
(including
definitions)
mL/kg/h for 6—
12 hours

Contrast
associated AKI,
defined as:
increase of 20.3
mg/dL or 50% in
serum creatinine
compared to
baseline in the 48
to 72 hours post
procedure

48 (11.2%)

Contrast induced 37 (3.5%)
nephropathy,
defined as:
increase in serum
creatinine
=20.5 mg/dL
Contrast- =0.3 mg/dL
associated AKI, definition: 43
defined by three (17.1%)
separate cut-offs:
=20.5 mg/dL
e absolute definition: 22
increase (8.8%)
in serum
creatinine 90% increase
of 20.3 definition: 19
mg/dL (7.6%)
e or=05
mg/dL
e 50%
increase
within 48—-72

hours after
contrast exposure

Contrast-induced
AKI, defined as:
increase of serum

78 (11.7%)

No. of event (n)
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Study
and Chan,
2016)

Seibert 2020
(Seibert,
Heringhaus,
Pagonas,
Rudolf, Rohn,
Bauer,
Timmesfeld,
Trappe, Babel
and Westhoff,
2020)

Serif 2020
(Serif,
Chalikias,
Didagelos,
Stakos, Kikas,
Thomaidis,
Lantzouraki,
Ziakas and
Tziakas, 2020)

Risk tool

Inohara risk
model

Ghani risk model

Seventeen risk
scores previously
developed in
other papers:

e Brown
2015

e Tsai
2014

e Gurm
2013

e Caspi
2017

e Victor
2014

e Maioli
2010

e Marenzi
2004

e Liu 2015

e Gao
2014

e Fu2012

e Chen
2014

e Ghani
2009

e Bartholo
mew
2004

Population

Consecutive
patients referred
for coronary
angiography for
investigation of
chest pain
and/or
suspected
coronary artery
disease

Mean age (SD):
67 (12) years

Taipei
N=490

Patients with an
indication for
coronary
angiography

Mean age (IQR):
66 (57-73) years

Germany
N=1247

Consecutive
patients treated
with PCl on an
emergency or
elective basis

Mean age (SD):
62 (10) years

Greece

11

Outcomes
(including
definitions)
creatinine
concentration of
=20.3 mg/dl or a
25% increase
from the baseline
value measured
at 48 hours after
exposure to
contrast media

AKI defined as
per AKIN criteria

Contrast-induced
AKI was given two
definitions:

Liberal criterion:
increase of 225%
or 20.5 mg/dl in
pre-PCl serum
creatinine at 48 h
to 72 h post PCI

Strict criterion:
increase of 20.5
mg/dl in pre-PCI
serum creatinine
at48 hto 72 h
post PCI

No. of event (n)

30 (6.1%)

Liberal definition:
206 (16.5%)

Strict definition: 24
(1.9%)

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
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Study

Sgura 2010
(Sgura, Bertelli,
Monopoli,
Leuzzi, Guerri,
Spart, Politi,
Aprile, Amato,
Rossi, Biondi-
Zoccai,
Sangiorgi and
Modena, 2010)

Tziakas 2013
(Tziakas,
Chalikias,
Stakos,
Apostolakis,
Adina, Kikas,
Alexoudis,
Passadakis,
Thodis,
Vargemezis
and
Konstantinides,
2013)

Victor 2014
(Victor,
Gnanaraj, S,
Deshmukh,
Kandasamy,
Janakiraman,
Pandurangi,
Latchumanadh
as, Abraham

Risk tool
e Mehran
2004
e Tsiakas
2013
e Ando
2013
e McCullou
gh 1997
Mehran risk
score
Marenzi risk
score
Mehran risk
score

Bartholomew risk
score

Study-developed
risk score (cut-off
>3):

e Pre-
existing
renal
disease

e Metformi
n use

e Previous
PCI

e Peripher
al artery
disease

e Contrast
volume
2300 mL

Study-developed
risk score (cut-

off: 10%):
e GFR
e Amount
of
contrast

Population

N=891

Consecutive
patients
admitted for
STEMI who
were treated
with PCI

Mean age (SD):
63.9 (13.1)
years

Italy

N=488 for
previously
established
models, N=200
for study-
developed
model

Consecutive
patients treated
with PCIl on an
elective or
emergency
basis

Mean age (SD):
n=488, 64 (11)
years, n=200,
61 (12) years

Greece

N=300

Consecutive
patients
undergoing PCI

Mean age (SD):

57.3 (10.2)
years
India

12

Outcomes
(including
definitions)

Contrast induced
nephropathy,
defined as: 0.5
mg/dL (44
mmol/L) increase
in serum
creatinine or 25%
increase
compared with
baseline values
within 48 hours of
the procedure

Contrast induced
nephropathy,
defined as an
increase of 225%
or 20.5 mg/dl in
pre-PCl serum
creatinine at 48
hours post
procedure

Contrast-induced
nephropathy,
defined as: an
increase of 225%
and/or 20.5 mg/dl
in serum
creatinine at 48
hours after PCI
when compared
to baseline value

No. of event (n)

126 (14.1%)

Derivation cohort
(n=488): 50
(10.2%)

Validation cohort
(n=200): 28 (14%)

26 (8.7%)
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and Mullasari, Diabetic
2014) microang
iography
e Hypotens
ion
e Albuminu
ria
e Peripher
al
vascular
disease

See Appendix D for full evidence tables.
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1.1.6. Summary of prognostic evidence

Table 2: Clinical evidence profile: discrimination of risk prediction tools for the prediction of contrast-associated acute kidney
injury in adults receiving iodine-based contrast media

Mehran risk tool 8374  Very high'  Very high? High® Very high*  Median AUC= 0.780 (0.480-0.912) VERY LOW
Mehran risk tool (cut-off: >5) 3 910 Very high!  Low High® Very high®  Sensitivity= 75.7% (45.3-92.6) VERY LOW
Very high'  Low High® High® Specificity= 73.8% (47.9-89.7) VERY LOW
Mehran risk tool (cut-off: >7) 1 644 Very high” NA High® High® Sensitivity= 64.1% (52.0-75.0) VERY LOW
Very high? NA High® Low Specificity= 54.9% (51.0-59.0) VERY LOW
Mehran risk tool (cut-off: 210) 1 301 Very high” NA High® Very high® Sensitivity= 64% (44.0-81.0) VERY LOW
Very high” NA High® Low Specificity= 62% (56.0-68.0) VERY LOW
Marenzi risk score 3 3920  Very high® High'° High® High'" Median AUC= 0.57 (range: 0.51-0.83) VERY LOW
Bartholomew risk score 2 1735 Very high”  Low High3 Very high* AUC= 0.59 (0.47-0.72) VERY LOW
Ghani risk score 2 1737  Very high! Low Low High? AUC= 0.55 (0.41-0.67) VERY LOW
Ando risk score 2 1373 Very13 Very high? High® High'" AUC= 0.70 (0.50-0.92) VERY LOW
high
Gurm (reduced model) risk 2 21,819 Very Very high? High® High'" AUC= 0.69 (0.51-0.86) VERY LOW
score high'*
Inohara risk score 2 2272 Very high”  Low Low High'! AUC= 0.705 (0.600-0.770) VERY LOW
Tziakas risk score 2 1447 Very1 , Very high? High3 Very high* AUC= 0.68 (0.46-0.93) VERY LOW
high
ACEF score 2 1522 Very high® Low Low High'" AUC= 0.791 (0.656-0.850) VERY LOW
Victor risk score (cut-off: 10%) 1 300 Very1 ; NA High® High'® Sensitivity= 92.3% (75-99) VERY LOW
high
Very15 NA High® High® Specificity= 82.1% (77-86) VERY LOW
high

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
tools / eGFR FINAL (October 2024)
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GRACE score
GRACE score (cut-off >142)

GRACE score (cut-off >160)

de Ferrari risk score

CH2DS2-VASc score (cut-off:

24)

Gurm (full model) risk score

Zwolle risk score (cut-off: >2)

Lei risk score (cut-off: >129)

Liu risk score
Liu full risk score
Liu reduced risk score

Maioli risk score

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment

1

216
216

251

1782

300

20,572

314

643

428

1041

1041

1247

tools / eGFR FINAL (October 2024)

Very high'
Very high’
Very high’
Very high’
Very high’

Very
high'”

High'®
High'®
High'®

Very
high®

Very high?
Very high?
Very high’
Very
high18
Very
high'®

Very
high'®

Very
high?

Very
high?!

Very
high?!
High'®

NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA

NA

NA

NA

NA

NA

Low
Low
Low
Low
Low

Low
Low
Low
High3

High3
High3
High3
Low
Low
Low
High3
Low

Low

Low

Very high®
Low
High'®
Low

Low

Low
High'®
Low
Low

Low
High'®
High®
Low
High®
Low
High"!
Low

Low

Low

AUC= 0.828 (0.724-0.932)
Sensitivity= 81.0% (58.0-95.0)
Specificity= 71.0% (64.0-77.0)
Sensitivity= 79.1% (64.0-90.0)
Specificity= 61.0% (54.0-68.0)
AUC= 0.838 (0.802-0.874)

AUC= 0.81 (0.73-0.90)
Sensitivity= 90.2% (77.0-97.0)
Specificity= 62.9% (57.0-69.0)
AUC= 0.852 (0.835-0.869)

AUC= 0.85 (0.78-0.92)
Sensitivity= 76.3% (68.0-84.0)
Specificity= 75.4% (66.0-83.0)
AUC= 0.78 (0.73-0.83)

Sensitivity= 81.2% (72.0-88.0)
Specificity= 63.3% (58.0-66.0)
AUC= 0.693 (0.608-0.779)
AUC= 0.858 (0.794-0.923)
AUC= 0.854 (0.796-0.913)

AUC= 0.58 (0.56-0.61)

15

VERY LOW
LOW
VERY LOW
LOW
LOW

MODERATE
LOW
MODERATE
VERY LOW

VERY LOW

VERY LOW

VERY LOW
LOW

VERY LOW

LOW

VERY LOW

LOW

LOW

MODERATE



Brown risk score 1 1247 High'8 High2 AUC= 0.52 (0.47-0.56)

Tsai risk score 1 1247 High'® NA ngh3 High? AUC= 0.51 (0.49-0.54) VERY LOW
Caspi risk score 1 1247 High'® NA Low Low AUC= 0.53 (0.51-0.56) MODERATE
Liu risk score 1 1247 High'8 NA Low High2 AUC= 0.52 (0.48-0.57) LOW
Victor risk score 1 1247 High'® NA High® Low AUC= 0.54 (0.50-0.59) LOwW
Gao risk score 1 1247 High'® NA High3 High? AUC= 0.49 (0.45-0.53) VERY LOW
Fu risk score 1 1247 High'® NA High3 High? AUC= 0.50 (0.46-0.54) VERY LOW
Chen risk score 1 1247 High'® NA Low High'" AUC= 0.48 (0.43-0.52) LOwW
McCullough risk score 1 1247 High'® NA High® Low AUC= 0.58 (0.53-0.62) LOwW

1.

w N

N S 9 A

10.
11.
12.
13.

Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, most frequently due to unclear definition
and assessment of predictors (timing and criteria not specified), unclear interval between predictor and outcome assessment (not specified when predictors were
assessed), unclear flow of participants through the study (missing data with no imputation of missing values), inadequate sample size (<100 events) and incomplete
analysis reporting (discrimination reported without calibration)

Downgraded by two increments due to substantial differences between the point estimate and 95%CI’s reported in studies examining the same risk prediction tool
Downgraded by one increment due to high levels of concern surrounding the applicability of the risk prediction tool (not all predictors available at the intended time of
assessment (prior to contrast administration))

Downgraded by two increments due to the 95%CI overlapping both the upper and lower thresholds for decision making (0.50-0.70)

Downgraded by two increments due to the 95%CI overlapping both the threshold corresponding to ‘low sensitivity’ (60%) and ‘high sensitivity’ (80%)

Downgraded by one increment due to the 95%CI overlapping the threshold corresponding to ‘low specificity’ (80%)

Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to unclear definitions and
assessments of predictors (timing and criteria not specified), inadequate sample size (<100 events) and incomplete analysis reporting (discrimination reported
without calibration)

Downgraded by one increment due to the 95%CI overlapping the threshold corresponding to ‘low sensitivity’ (60%)

Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, most frequently due to inadequate
sample size (<100 events) and incomplete analysis reporting (discrimination reported without calibration)

Downgraded by one increment due to considerable differences between the point estimate and 95%CI’s reported in studies examining the same risk prediction tool
Downgraded by one increment due to the 95%CI overlapping the upper threshold for decision making (0.70)

Downgraded by one increment due to the 95%CI overlapping the lower threshold for decision making (0.50)

Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to inadequate sample size
(<100 events) and concerns arising from the analysis method (model developed using univariate analysis to identify relevant predictors, unclear if the validation
study applied the risk prediction tool as intended)
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4. Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to inadequate sample size
(<100 events), unclear definition and assessment of predictors (timing and criteria not specified) and concerns arising from the analysis method (model development
study validated the tool using random split sampling and unclear if the external validation study applied the risk prediction tool as intended)

5 Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to unclear definition and
assessment of predictors (timing and criteria not specified), inadequate sample size (<10 events per predictor) and concerns arising from the analysis method (model
developed using univariate analysis to identify relevant predictors and random split sampling to validate)

6. Downgraded by one increment due to the 95%CI overlapping the threshold corresponding to ‘high sensitivity’ (80%)

7. Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to unclear definition and
assessment of predictors (timing and criteria not specified), inadequate sample size (<10 events per predictor) and concerns arising from the analysis method (model
developed using univariate analysis to identify relevant predictors)

8. Downgraded by one increment due to high risk of bias arising from the PROBAST risk of bias tool, namely due to inadequate sample size (<100 events)

% Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to unclear definition and
assessment of predictors (timing and criteria not specified), inadequate sample size (<10 events per predictor) and concerns arising from the analysis method (model
validated using random split sampling)

20 Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to inadequate sample size
(<100 events) and concerns arising from the analysis method (model developed using univariate analysis to identify relevant predictors and random split sampling to
validate)

21 Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to inadequate sample size
(<10 events per predictor) and concerns arising from the analysis method (model validated using random split sampling)

Table 3: Clinical evidence profile: risk prediction tools for the prediction of dialysis in adults receiving iodine-based contrast media

Gurm risk tool (full model) 22,572 Very high' High? AUC= 0.875 (0.819-0.931) VERY LOW

Gurm risk tool (reduced 1 22,572 Very high! NA High? Low AUC= 0.875 (0.823-0.931) VERY LOW

model)

GRACE score (<136) 1 251 Very high® NA Not serious  Low Sensitivity= 0% (0-46) LOW
Very high® NA Not serious  Low Specificity= 75% (69-80) LOW

GRACE score (136-158) 1 251 Very high® NA Not serious  Low Sensitivity= 0% (0-46) LOW
Very high® NA Not serious  Low Specificity= 74% (68-80) LOW

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment
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GRACE score (159-180) Very high® Not serious  High* Sensitivity= 33% (4-78) VERY LOW
Very high® NA Not serious  Low Specificity= 75% (69-80) LOW

GRACE score (>180) 1 251 Very high® NA Not serious  Very high?® Sensitivity= 67% (22-96) VERY LOW
Very high® NA Not serious  High® Specificity= 76% (70-81) VERY LOW

- Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to unclear definition and
assessment of predictors (timing and criteria not specified), inadequate sample size (<10 events per predictor) and concerns arising from the analysis method (model
validated using random split sampling)

2 Downgraded by one increment due to high levels of concern surrounding the applicability of the risk prediction tool (not all predictors available at the intended time of
assessment (prior to contrast administration))

3. Downgraded by two increments due to very high risk of bias arising from muitiple domains of the PROBAST risk of bias tool, namely due to unclear definitions and
assessments of predictors (timing and criteria not specified), inadequate sample size (<100 events) and incomplete analysis reporting (discrimination reported
without calibration)

Downgraded by one increment due to the 95%CI overlapping the threshold corresponding to ‘low sensitivity’ (60%)
- Downgraded by two increments due to the 95%CI overlapping both the threshold corresponding to ‘low sensitivity’ (60%) and ‘high sensitivity’ (80%)
6 Downgraded by one increment due to the 95%CI overlapping the threshold corresponding to ‘low specificity’ (80%)

Table 4: Clinical evidence profile: risk prediction tools for the prediction of mortality in adults receiving iodine-based contrast

media
Mehran risk score High' High? High3 AUC= 0.74 (0.59-0.79) VERY LOW
Mehran risk score (medium 1 891 High' NA High? Low HR= 3.61 (2.19-5.98) LOW

risk) vs low risk
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Mehran risk score (high risk)

vs low risk

Mehran risk score (very high

risk) vs low risk
Marenzi risk score

GRACE score (<136)

GRACE score (136-158)

GRACE score (159-180)

GRACE score (>180)

- Downgraded by one increment due to very high risk of bias arising from the PROBAST risk of bias tool, namely due to unclear timing of the assessment of predictors

891

891

251

251

251

251

High'
High'
High'
Very high*
Very high*

Very high*

Very high*

Very high*

Very high*

Very high*

Very high*

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

High?
High?
High?
Not serious

Not serious

Not serious

Not serious
Not serious
Not serious
Not serious

Not serious

Low

Low

Low

Low

Low
Low
Low
Low
Very

serious®

Serious®

HR=8.00 (4.53-14.13)
HR= 15.29 (8.11-28.83)

AUC= 0.60 (0.55-0.65)

Sensitivity= 0% (0-31)

Specificity= 75% (69-80)

Sensitivity= 20% (3-56)

Specificity= 75% (69-80)

Sensitivity= 20% (3-56)

Specificity= 74% (68-80)

Sensitivity= 60% (26-88)

Specificity= 76% (70-82)

relative to outcome assessment and concerns arising from the analysis method (discrimination reported without calibration)

2 Downgraded by one increment due to high levels of concern surrounding the applicability of the risk prediction tool (not all predictors available at the intended time of

assessment (prior to contrast administration))
3. Downgraded by one increment due to the 95%CI overlapping the upper threshold for decision making (0.70)
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LOW

LOW

LOW

LOW

LOW
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4 Downgraded by two increments due to very high risk of bias arising from multiple domains of the PROBAST risk of bias tool, namely due to unclear definitions and
assessments of predictors (timing and criteria not specified), inadequate sample size (<100 events) and incomplete analysis reporting (discrimination reported
without calibration)

5 Downgraded by two increments due to the 95%CI overlapping both the threshold corresponding to ‘low sensitivity’ (60%) and ‘high sensitivity’ (80%)

6 Downgraded by one increment due to the 95%CI overlapping the threshold corresponding to ‘low specificity’ (80%)
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1.1.7. Economic evidence

A literature search was carried out for both review questions (i.e. risk prediction tools and
eGFR evidence) to identify relevant published economic studies. In total, 244 records were
retrieved from database. After title and abstract screening, no relevant studies were found for
this review question.

1.1.7.1. Included studies

No health economic studies were included.

1.1.7.2. Excluded studies
Not applicable.
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1.1.8. Summary of included economic evidence

No health economic evidence was identified for this review question.
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1.1.9. Economic model

No original health economic model was developed for this review question.
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2. Prognostic accuracy of eGFR for
iodine-based contrast media-
associated AKI

2.1. Review question

What is the prognostic accuracy of eGFR for iodine-based contrast media-
associated AKI?

2.1.1. Introduction

The surveillance review of the Acute kidney injury guideline found that there was a need to
re-evaluate the eGFR risk threshold in the NICE guideline, as the threshold currently
recommended may be too high. Some recent evidence has shown that contrast media may
only pose a risk for people with an eGFR of 30 mI/min/1.73 m? or less. External guidelines
have stated that risk of acute kidney injury from iodine-based contrast media is likely to be
non-existent with eGFR greater than 45 ml/min/ 1.73 m?, and very likely to be low or non-
existent for eGFR 30 to 45 ml/min/1.73 m?2. This review re-evaluates the evidence for eGFR
thresholds indicating risk of iodine-based contrast kidney injury.

2.1.2. Summary of the protocol

For full details see the review protocol in Appendix A.

Table 5: PICO characteristics of review question
Adults receiving iodine-based contrast media
Strata:
¢ Intravenous vs intra-arterial media administration
Key confounding variables: (excluded unless all accounted for)
e Diabetes
e Heart failure
o Age
Additional confounder: (included if not accounted for, but recorded)
e Hypertension

Exclusion:
¢ High osmolar contrast media

Estimated glomerular filtration rate (eGFR)
e Cut-offs pooled depending on stage of chronic kidney disease indicated:
o 45-60 (stage 3a)
o 44-30 (stage 3b)
o 29-15 (stage 4)
o <15 (stage 5)

Recorded within 3 months of contrast media administration
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Occurrence of an event following intravenous administration of iodine-based
contrast media.

e Study defined AKI

e Mortality
e Dialysis
Timeframe:

+  Within 7 days of contrast administration

Risk of mortality, dialysis, or an AKI occurring:
* Adjusted relative risk (RR)
* Adjusted odds ratio (OR)
* Adjusted hazard ratio (HR)

* Prognostic cohort studies
» Case control studies
» Systematic reviews of prognostic cohort studies

Studies will only be included if all of the key confounders have been accounted
for in a multivariate analysis. In the absence of multivariate analysis, studies that
account for key confounders with univariate analysis or matched groups will be
considered.

2.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

2.1.4. Prognostic evidence

2.1.4.1. Included studies

Six studies that examined the prognostic accuracy of eGFR, adjusted for the protocol-listed
confounders, for predicting CA-AKI were included in the review;(Buratti, Crimi, Somaschini,
Cornara, Camporotondo, Cosentino, Moltrasio, Rubino, De Metrio, Marana, De Servi,
Marenzi and De Ferrari, 2021; Caspi, et al., 2017; Liu, et al., 2015; Lunyera, et al., 2021;
Mohebi, et al., 2022; Shacham, et al., 2016). A range of cut-off values were used across the
identified studies with eGFR values ranging from <15 to <60. Three different referent values
were used, with 290 used in three comparisons, 260 used in three, and >60 used in one
comparison.

See also the study selection flow chart in Appendix A, study evidence tables in Appendix D,
forest plots in Appendix E and GRADE tables.

2.1.4.2. Excluded studies

See the excluded studies list in Appendix J.
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2.1.5. Summary of studies included in the prognostic evidence

Table 6: Summary of studies included in the evidence review

Study Risk factor

Buratti 2021 eGFR
(Buratti, Crimi, e <60
Somaschini,

Cornara,
Camporotondo,
Cosentino,

Moltrasio,

Rubino, De

Metrio,

Marana, De

Servi, Marenzi

and De Ferrari,

2021)

Caspi 2017 eGFR:
(Caspi, Habib, e <30
Cohen, Kerner, e 30-59
Roguin,

Abergel,

Boulos,

Kapeliovich,

Beyar, Nikolsky

and Aronson,

2017)

Liu 2015 (Liu, eGFR:

He, Tan, Chen, e <60
Liu, Yang,

Huang, Ye, Li,

Ran, Duan,

Chen, Zhou

and Chen,

2015)

Lunyera 2021 eGFR:
(Lunyera, e <15

Clare,

Chiswell, o B2y
Scialla, Pun, e 30-59
Thomas,
Starks and
Diamantidis,
2021)
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Population
N=1954

Consecutive
STEMI patients
undergoing PCI

Mean age (SD):
62.48 (12.14)
years

Italy

N=2025

Patients
admitted with
STEMI
undergoing PCI

Mean age (SD):
59.72 (12.93)
years

Israel
N=2248

Consecutive
patients
undergoing
coronary
angiography or
PCI

Mean age (SD):
63.48 (10.72)
years

China
N=9422

Patients
undergoing
cardiac
catheterization
and cardiac
surgery

Mean age (IQR):
62 (54-72)

26

Outcomes
(including
definitions)
Contrast-induced
AKIl, defined as:
an absolute
serum creatinine
increase 20.5
mg/dl in the first
72 hours

93 (4.8%)

Increase in serum
creatinine
concentration
=0.5 mg/dL
compared with
admission value
or a >25% relative
rise during the
first 72 hours after
the procedure

209 (10.3%)

Increase in serum
creatinine of >0.5
mg/ dL over the
baseline value
within 48 to 72
hours after the
administration of
contrast medium

50 (2.2%)

KDIGO criteria: a
1.5-fold or greater
relative elevation
in serum
creatinine from
the reference
value to the
highest value
within 7 days after
the date and time
of PCl, ora 0.3
mg/dl absolute

865 (9%)

No. of event (n)
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Mohebi 2022
(Mohebi,
Karimi
Galougahi,
Garcia, Horst,
Ben-Yehuda,
Radhakrishnan
, Chertow,
Jeremias,
Cohen, Cohen,
Maehara,
Mintz, Chen,
Redfors, Leon,
Stuckey,
Rinaldi, Weisz,
Witzenbichler,
Kirtane,
Mehran,
Dangas, Stone
and Ali, 2022)

Shacham 2016
(Shacham,
Gal-Oz, Flint,
Keren and
Arbel, 2016)

eGFR:

<60

USA

N=7287

Consecutive
patients
successfully
treated with
drug-eluting
stents

Mean age (SD):
63.84 (10.85)
years

USA and
Germany

N=1372

Consecutive
patients referred
with STEMI
undergoing
primary PCI

Mean age (SD):
61.50 (12.83)
years

Israel

See Appendix D for full evidence tables.
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increase in serum
creatinine from
the reference
value within 48
hours after the
date and time of
PCI

European Society
of Urogenital
Radiology
definition:
absolute increase
of 20.5 mg/dL or
225% relative
increase in serum
creatinine after
PCI compared
with the pre-PClI
serum creatinine
level occurring
within 3 days of
the intravascular
administration of
contrast medium
when no
alternative
aetiology for AKI
was identified

AKI network
criteria - a rise in
serum creatinine
>0.3 mg/dl,
compared with the
admission value

476 (6.5%)

153 (11%)
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2.1.6. Summary of the prognostic evidence

Table 7: Clinical evidence profile: eGFR for the prediction of contrast-associated acute kidney injury in adults receiving iodine-based
contrast media

<15 vs 290 9422 Some Not serious Not serious  Not serious R: 15.71 (9.97-24.77) MODERATE
concerns’
15-29 vs 290 1 9422 Some Not serious Not serious  Not serious  OR: 5.77 (3.96-8.41) MODERATE
concerns’
<30 vs 260 1 2025 Not Not serious Not serious  Not serious  OR: 6.27 (3.15-12.49) HIGH
serious
30-59 vs 290 1 9422 Some Not serious Not serious  Not serious  OR: 2.29 (1.77-2.97) MODERATE
concerns’
30-59 vs 260 1 2025 Not Not serious Not serious  Not serious  OR: 1.71 (1.17-2.50) HIGH
serious
<60 vs =60 3 2248 Not Very serious? Not serious  Not serious  OR: 5.12 (2.27-11.54) LOW
serious
1954 Some Very serious? Not serious  Not serious  OR: 5.04 (3.05-8.32) VERY LOW
concerns’
7287 Some Very serious? Not serious  Not serious  OR: 1.65 (1.21-2.21) VERY LOW
concerns’
<60 vs >60 1 1372 Some Not serious Not serious  Not serious  OR: 1.67 (1.02-2.75) MODERATE
concerns’

. Downgraded by one increment due to concerns arising from statistical analysis and reporting (unclear how the confounding variables included in the multivariate model
were identified)
2 Downgraded by two increments due to substantial differences between the point estimates and 95%Cls reported in studies examining the same threshold
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See Appendix F for full GRADE tables.

2.1.7. Economic evidence

A literature search was carried out for both review questions (i.e. risk prediction tools and
eGFR evidence) to identify relevant published economic studies. In total, 244 records were
retrieved from database. After title and abstract screening, no relevant studies were found for
this review question.

2.1.7.1. Included studies

No health economic studies were included.

2.1.7.2. Excluded studies
Not applicable.
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2.1.8. Summary of included economic evidence

No economic evidence was identified for this review question.
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2.1.9. Economic model

No original economic model was developed for this review question
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3. The committee’s discussion and
interpretation of the evidence

3.1. The outcomes that matter most

The committee included three clinical outcomes in the evidence reviews: acute kidney injury,
dialysis, and mortality. Sensitivity and specificity were prioritised as measures of
discrimination, with minimum clinically important difference thresholds set as 0.60 and 0.80
for which a test would be deemed clinically useless, and 0.80 and 0.90 for which a test would
be recommended for sensitivity and specificity, respectively. Positive and negative predictive
values, positive and negative likelihood ratios and area under the receiver operating curve
were also included as measures of discrimination, with a lower emphasis placed on the latter
due to its limited clinical applicability. Odds, risk and hazard ratios were included for dialysis
and mortality outcomes. Hosmer-Lemeshow was included as a measure of calibration for all
clinical outcomes. Mortality was considered the most important outcome, followed by
dialysis, then acute kidney injury. Mortality and dialysis are patient centred outcomes, hence
the committee agreed that additional care should be taken to avoid these outcomes when
administering contrast media due to the negative outcomes experienced by patients. Acute
kidney injury was considered less important, as this reflects a diagnosis based on an
increase in creatinine that is not necessarily felt by the patient. However, acute kidney injury
is still a relevant outcome as it increases the likelihood of dialysis and mortality and is more
frequently reported in papers.

3.2. Risk prediction tools

3.2.1. The quality of the evidence

The quality of the evidence ranged from moderate to very low quality, although the majority
was very low quality. The most common reason for downgrading was due to risk of bias, with
all evidence downgraded by at least one increment. The reasons for downgrading were
varied, although there were regular occurrences of unclear measurement of predictors where
either definitions or timings were not clear, incomplete outcome reporting where
discrimination was reported without calibration, and inadequate sample size where the
number of events was less than 100 or fewer than 10 per predictor, depending on the study
design. Inconsistency was largely not applicable due to a given risk prediction tool only being
reported in a single study. Pooling of AUC values was was possible in ten risk prediction
tools, albeit without meta analysis, with downgrading for inconsistency occurring on five
occasions where there were significant differences in the model performance reported
between studies. Meta analysis was conducted on one occasion where sensitivity and
specificity of a risk tool at a specified threshold were reported in three separate studies.
Indirectness was only seen where risk prediction tools included procedural variables, usually
contrast volume and intra-aortic balloon pump, which limited the applicability of the tool as a
pre-procedural tool to determine risk prior to administering contrast media. Finally,
imprecision was seen across most of the risk prediction tools, mostly due to overlapping a
single 95% CI threshold, but also due to overlapping both the upper and lower threshold on
six occasions. These limitations and subsequent uncertainty of the evidence were highlighted
to the committee. Due to the generally very low quality of the data, the committee struggled
to make recommendations based on the evidence presented alone.

3.2.2. Clinically effective tools

Acute kidney injury
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Twenty-eight different risk tools were reported in the nineteen studies included in this
evidence review. All evidence identified was in participants undergoing percutaneous
coronary intervention or coronary angiography. Twelve of these risk prediction tools met the
pre-specified threshold of 0.7 for AUC, indicating good discrimination. These tools were:

e Mehran risk tool: 11 studies, 8374 participants, median AUC= 0.780 (upper and
lower range of confidence interval of 0.480-0.912), very low quality

¢ Ando risk score: 2 studies, 1373 participants, mean AUC= 0.70 (upper and lower
confidence interval of 0.50-0.92), very low quality

e Inohara risk score: 2 studies, 2272 participants, mean AUC= 0.705 (upper and lower
confidence interval of 0.600-0.770), very low quality

o ACEF score: 2 studies, 1522 participants, mean AUC= 0.791 (upper and lower
confidence interval of 0.656-0.850)

e GRACE score, 1 study, 216 participants, AUC= 0.828 (95%CI 0.724-0.932), low
quality

o de Ferraririsk score: 1 study, 1782 participants, AUC= 0.838 (95%CI 0.802-0.874),
low quality

e CH2DS2-VASc score: 1 study, 300 participants, AUC= 0.81 (95%CI 0.73-0.90),
moderate quality

o  Gurm (full model) risk score: 1 study, 20,572 participants, AUC= 0.852 (95%CI 0.835-
0.869), very low quality

e Zwolle risk score: 1 study, 314 participants, AUC= 0.85 (95%CI 0.78-0.92), very low
quality

o Leirisk score: 1 study, 643 participants, AUC= 0.78 (95%CI 0.73-0.83), low quality

o Liu full risk score: 1 study, 1041 participants, AUC= 0.858 (95%CI 0.794-0.923), low
quality

e Liu reduced risk score: 1 study, 1041 participants, AUC= 0.854 (95%Cl 0.796-0.913),
low quality

Ten studies reported a cut-off value for the included risk tools and reported sensitivity and
specificity values. Cut-off values for risk tools that met the pre-specified sensitivity threshold
for predicting CA-AKI were:

o Victor risk score, cut off >10%: 1 study, 300 participants, sensitivity= 92.3% (95%ClI
75-99), very low quality (specificity did not meet the threshold (82.1%)

e GRACE score, cut-off >142: 1 study, 216 participants, sensitivity= 81% (95%CI 58-
95), very low quality (specificity did not meet the threshold (71%))

o CH2DS2-VASc risk score, cut-off 24: 1 study, 300 participants, sensitivity= 90.2%
(95%CI 77-97), low quality (specificity did not meet the threshold (62.9%))

e Leirisk score, cut-off >129: 1 study, 643 participants, sensitivity= 81.2% (95%CI 72-
88), very low quality (specificity did not meet the threshold (63.3%))

No evidence reported a risk prediction tool that met the pre-specified specificity threshold of
90%.

The committee’s attention was drawn to the 2020 study by Serif et al., which included
seventeen previously developed risk tools. This paper summarised the general inadequacy
of risk prediction tools for CA-AKI, with AUC’s ranging from 0.48-0.58, indicating poor
discrimination. However, this study also reported positive and negative predictive values
(PPV and NPV), with PPV ranging from 17.0-30.2% and NPV ranging from 84.0-94.0%.
Reporting of these predictive values highlighted that any risk prediction tool is unlikely to
identify patients who will go on to have an AKI but may have some utility as a screening tool
to identify those that won’t have an AKI. Nonetheless, no single risk prediction tool was
deemed to be supported by enough evidence to warrant a recommendation based off these
predictive values.
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All but three risk prediction tools (Tsai, Liu, Chen) showed non-significant Hosmer-
Lemeshow (H-L) test results. The calibration of the Ando risk score was reported in two
studies, one of which showed a significant H-L statistic and the other showing a non-
significant result. The non-significant H-L seen in the majority of risk prediction tools indicates
they are suitable for correctly identifying participants who did or did not go on to have a CA-
AKI. Nonetheless, the committee noted that calibration was infrequently reported and agreed
that the p-values reported offered little in terms of clinical applicability.

Despite some evidence showing that risk prediction tools can accurately predict CA-AKI, the
committee agreed that the evidence was lacking in both quantity and quality. The majority of
the included risk prediction tools were included in a small number of studies, limiting the
certainty of their accuracy beyond the small number of participants included. Furthermore,
the maijority of evidence was of very low quality, further reinforcing the uncertainty of the
estimates presented. The committee reiterated the specific clinical scenario presented in the
identified evidence, with PCI representing a very small portion of the contrast enhanced
scans and procedures regularly conducted in the NHS. It was noted that the average
population age in the identified evidence was in the 50-60 years range, representing a
population that is younger than those typically undergoing contrast enhanced procedures.
The committee agreed that recommending any specific risk prediction tool would require
extrapolation of the evidence due to the procedures and populations represented in the
evidence. As a result, the committee agreed that none of the reported risk tools were
supported by adequate evidence to be recommended.

Dialysis

Both the full and reduced Gurm risk tools reported an AUC that exceeded the threshold for
predicting dialysis in 22,572 participants. Both tools reported an AUC of 0.875 (95%CI of the
full model: 0.819-0.931, reduced model: 0.823-0.931), although this was very low quality
evidence for both. The committee noted the impracticality of both tools, which contained
procedural variables that limited their utility as a pre-contrast screening tool. Furthermore, the
full tool contained 46 variables and the reduced tool contained 15, both of which are unlikely
to be used routinely in practice. One study reported the accuracy of the GRACE score, a risk
prediction score developed for predicting acute coronary syndrome, not AKI, at four
thresholds, none of which resulted in a sensitivity or specificity exceeding the pre-specified
threshold. The committee agreed that none of the reported risk tools were supported by
adequate evidence to be recommended. The lack of data on the association between
dialysis and contrast use was noted and potentially an area to make a research
recommendation.

Mortality

The Mehran risk score was the only risk prediction tool that showed an AUC exceeding the
threshold for predicting mortality with an AUC of 0.74 (95%ClI 0.59-0.79) reported by a single
study containing 891 participants but with very low certainty of the estimate. The same study
reported hazard ratios for different levels of the risk score, which categorises patients into
low, medium, high and very high risk. Data from this study showed a HR of 3.61 (95%ClI
2.19-5.98) with a medium score, a HR of 8.00 (95%CI 4.53-14.13) with a high score, and a
HR of 15.29 (95%CI 8.11-28.83) with a very high score, all compared to a low score. This
data suggests that applying the author-defined categories of the Mehran risk tool can predict
mortality in patients, showing a clear relationship between increasing risk levels and
incidence of mortality. However, it was raised to the committee that in the study reporting
this, none of the participants that died had CA-AKI, limiting the strength of the conclusion that
this risk tool can predict mortality in the context of CA-AKI. Furthermore, the committee noted
that the Mehran risk score contains contrast volume and IABP, limiting both its utility as a
pre-procedural risk score and as a tool that can be used across multiple contrast-requiring
conditions. One study reported the accuracy of the GRACE score at four levels, none of
which resulted in a sensitivity or specificity exceeding the pre-specified threshold in our
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protocol. The committee agreed by informal consensus that none of the reported risk tools
were supported by adequate evidence to be recommended.

3.3. eGFR

3.3.1. The quality of the evidence

The quality of the evidence ranged from high to very low quality, with the majority being
moderate quality. The majority of the evidence was downgraded by one increment due to
concerns arising from risk of bias, namely due to incomplete reporting of how confounders
were identified for inclusion in the multivariate model. Very serious inconsistency was noted
at one threshold where three studies reported the same cut-off. All other evidence was from
individual studies reporting a cut-off value, meaning inconsistency could not be assessed. No
indirectness or imprecision was present at any threshold.

3.3.2. Clinically important differences
Acute kidney injury

The committee did not pre-specify thresholds for eGFR cut-offs. The evidence showed that a
lower eGFR is associated with an increased risk of CA-AKI. The most useful data identified
compared an eGFR of 30-59 vs 260, <60 vs 260, and <60 vs >60 mL/min/1.73m?, with all
other comparisons being made between non-adjacent categories (e.g., <15 vs 290). High
quality evidence from a single study reported an OR of 1.71 (95%CI 1.17-2.50) when
comparing 30-59 vs 260. Low to very low quality evidence from three studies compared <60
vs 260, reporting ORs of 5.12 (2.27-11.54), 5.04 (3.05-8.32) and 1.65 (1.21-2.21), with the
latter containing 7287 participants, compared to 2248 and 1954 in the former estimates.
Moderate quality evidence from one study compared <60 vs >60, reporting an OR of 1.67
(95%CI 1.02-2.75). Whilst this evidence suggests that there is an increased risk at a cut-off
around 60 mL/min/1.73m?, this was not a threshold that was considered by the committee to
indicate any significant risk of CA-AKI in practice. No evidence was identified that compared
a cut-off of 30 mL/min/1.73m?to the currently recommended threshold of 40 mL/min/1.73m?,
resulting in a consensus recommendation. The committee noted that in current practice,
clinicians use a threshold of 30 mL/min/1.73m? rather than the previously recommended
threshold of 40 mL/min/1.73m?2. As a result, the committee agreed that a research
recommendation was not necessary in this area as this threshold has, in their experience,
been shown to be acceptable for mitigating AKI risk.

Dialysis

No evidence was identified that investigated the prognostic accuracy of any eGFR threshold
for the incidence of dialysis.

Mortality

No evidence was identified that investigated the prognostic accuracy of any eGFR threshold
for the incidence of mortality.

3.4. Cost effectiveness and resource use

Risk assessment tools

No health economic evaluation was identified from the literature review. Due to the low
quality of clinical evidence, no original economic modelling was developed either. The
committee felt that all the included risk assessment tools/questionnaires from clinical
evidence were of very low quality. Therefore, the committee agreed that none of the reported
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risk assessment tools were supported by adequate evidence to be recommended for
predicting the occurrence of AKI following the administration of iodine-based contrast media.

The committee acknowledged that risk factors of developing CA-AKI should be included in
the routine discussion of risks and benefits before offering iodine-based contrast media for
CT imaging to adults. The committee noted that there are variations in clinical practice in the
NHS; some trusts need a recent eGFR result from all patients before doing a contrast
associated CT scan, while other trusts will do a contrast associated CT scan without a recent
eGFR result if there is a low risk of CA-AKI. The committee also noted that risk factor-based
screening should identify people at higher risk of CA-AKI.

The committee came to a consensus that if no eGFR is available within the last 6 months for
a non-emergency outpatient, but a risk assessment tool indicates a history of kidney disease,
then the requestor should consider requesting an eGFR test to support decision making. This
is likely to affect only a small number of people because someone known to have kidney
disease should already have an eGFR result from the past 6 months. No significant resource
impact is expected for this in practice because any small increase in cost associated with the
increase in eGFR testing at an early stage is likely to be offset by the reduced long-term
costs of managing AKIl, especially since the eGFR testing is likely to be provided at some
point in the treatment pathway anyway.

This change in clinical practice is also likely to reduce either delayed scans or scan
cancellations at short notice since an eGFR test result from the past 6 months instead of 3
months (which is used in current practice) will be able to support decisions on the contrast
media scan as well as release the burden on multiple blood tests. The committee concluded
that risk factor screening is an appropriate first step for people who are thought of as being at
increased risk of CA-AKI needing non-emergency contrast associated CT imaging and who
present without an eGFR measurement within 6 months.

Estimated glomerular filtration rate (eGFR)

No health economic evaluation was identified from the literature review. Due to the poor
quality of clinical evidence, no original economic modelling was developed either. No clinical
evidence was identified that compared an eGFR threshold of 30 mL/min/1.73m?to the
currently recommended threshold of 40 mL/min/1.73m?, but the committee reached a
consensus that an increased risk is associated with an eGFR less than 30 mL/min/1.73m?
that is commonly used in clinical practice to indicate the prospect of poor kidney function.
The committee noted that this updated threshold is also in line with international guidelines.
This new threshold of 30 ml/min/1.73 m? may ensure that only people with the greatest risk
would need an eGFR test, hence, it would be cost saving to the NHS due to the reduced
number of eGFR testing.

3.5. Other factors the committee took into account

The committee agreed that in the life-threatening or emergency situations, risk prediction
tools should not be applied, and contrast should be administered without delay. The example
repeatedly used by the committee was a patient in the emergency department with acute
coronary syndrome, indicating a life threating scenario if not treated. In situations like this,
the committee agreed that using contrast, regardless of the risk of CA-AKI, is necessary in
order to treat the more severe issue that has more significant implications if not acted on.
The committee strongly agreed that this should be included as a separate recommendation.

The committee were aware that there is widespread concern surrounding contrast use due to
antecedent data suggesting an association between contrast use and AKI. The committee
noted that these associations were typically drawn from high osmolar contrast media studies,
which was the standard medium used prior to the year 2000. More contemporary research
suggests that the risk of CA-AKI with modern low or iso-osmolar contrast media is
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significantly reduced compared to high osmolar, indicating a reduced risk in current practice.
Furthermore, the majority of research has been conducted in emergency settings where
participants are in a state of poor acute health. A poor acute health state increases the risk of
AKI, independent of contrast administration. That is not to say that contrast is safe in all
situations, but that the risks are not as high as typically perceived. The evidence identified in
this review was all in patients undergoing percutaneous coronary intervention (PCI), which
represents an acute poor health state that mandates intra-arterial contrast administration,
associated with an increased with of CA-AKI. AKI can also occasionally be associated with
cholesterol embolization associated with PCI. The committee agreed that from the evidence
identified it is therefore very difficult to determine the risk of CA-AKI for less invasive
procedures, although based on clinical experience there was consensus that the risk of AKI
is lesser in non-emergency situations. The committee noted that risks of developing AKI
would be discussed with patients as part of the routine discussion of the risks and benefits
before carrying our CT imaging. The committee agreed that the list of risk factors for AKI
outlined in recommendation 1.1.6 of the previous NICE guidance on this topic should be
removed from this section of the guideline. This decision was made on the basis that they
are not specific to the risk of developing CA-AKI, but rather represent general risk factors for
AKI. The committee agreed that eGFR is the most important consideration when
administering contrast media, and whilst clinicians should be aware of these other risk
factors, they are not necessarily additive to the risk of developing CA-AKI.

The committee concluded that that further research is needed to develop or validate a
suitable risk assessment tool for use across the NHS to predict the occurrence of Cl-AKI
following the administration of iodine-based contrast media. A research recommendation
specific to intravenous contrast administration, for which no evidence was identified, was
made to address this gap in the literature.

eGFR

The committee were aware of the problem in current practice whereby a patient is required to
have an eGFR within 3 months prior to undergoing contrast media-enhanced scans. This
often results in delayed scans and increases the burden on patients and clinicians to conduct
blood tests that may not be necessary. Due to the previously outlined lower risk of CA-AKI in
non-emergency settings, the committee agreed that screening questions could be used to
assess risk. By including initial questions on pre-existing kidney disease, if they have had a
kidney transplant, or been seen by a kidney specialist, a large proportion of patients will not
then be required to undergo blood tests, which could unnecessarily increase patient and
clinician test burden whilst delaying time-sensitive diagnostic scans or treatments. The
decision to include an eGFR assessment within 6 months for patients with a history of CKD
was based on elevated general risk of AKI in patients with a history of CKD. The committee
agreed that patients known to have kidney disease should have an eGFR result within 6
months of contrast use, unless such patients are acutely unwell at the time of contrast use (in
which case, an up-to-date blood test would be expected as part of normal practice
regardless). The committee also noted that people with a chronic iliness are more likely to
have regular routine blood tests and therefore a recent eGFR should be available.

The committee were aware that the previous NICE guidance on this topic recommended an
eGFR threshold of 40 mL/min/1.73m? should be considered high risk for CA-AKI. However,
this evidence was based on the risk prediction tools identified at the time, which included
eGFR at this threshold. The committee agreed that whilst this was based on the best
available evidence at the time, this was now outdated and did not represent what is currently
done in practice. The clinical review of eGFR thresholds did not identify any evidence
investigating the increase in AKI risk at a cut off of 30 vs 40 mL/min/1.73m?. Nonetheless, the
committee also noted that the risk prediction tools identified in both this, and the previous
guideline were in patients undergoing PCI and coronary angiography, representing a high-
risk group of patients. Due to the aforementioned reasons pertaining to increased risk in
cardiac interventions, the committee agreed that the eGFR threshold that indicates an
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increased risk of AKI in non-emergency patients is likely to be lower, despite there being no
evidence to support this. Furthermore, the committee agreed that a cut-off of 30
mL/min/1.73m? made practical sense, with clinicians using this threshold to indicate stage 3
CKD, as opposed to 40 mL/min/1.73m?which has no other clinical relevance. The committee
were also aware of guidelines published by external international bodies, which despite not
being evidence based largely supported the use of 30 mL/min/1.73m?as a threshold.

Contrast-associated acute kidney injury

The committee were aware that terminology has changed in recent years. It is no longer
clear that contrast media causes acute kidney injury however, there is known to be an
association between the two factors. Consequently, they agreed to update the terminology to
‘contrast-associated acute kidney injury’ to reflect current wording and align with other
guidelines.

3.6. Recommendations supported by this evidence review

This evidence review supports recommendations 1.1.5 — 1.1.12 and the recommendation for
research on risk factor-based screening tool for adults having iodine-based contrast media.
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Appendices

Appendix A Review protocols

A.1 Review protocol for risk prediction tools

ID

Field

Content

0. PROSPERQO registration number

1. Review title How effective are risk assessment tools/questionnaires for identifying adults at
risk of iodine-based contrast media-associated acute kidney injury (AKI)

2. Review question What is the prognostic accuracy of risk assessment tools/questionnaires to predict
the occurrence of AKI following the administration of iodine-based contrast
media?

3. Objective To determine if any of the validated tools/questionnaires for AKI accurately predict
AKIl in adults receiving iodine-based contrast media

4. Searches

The following databases (from 2013) will be searched:
e Cochrane Database of Systematic Reviews (CDSR)
e Embase

e MEDLINE
¢ Epistemonikos

Searches will be restricted by:
Date limitations — from original 2013 guideline

English language studies
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Human studies

Prognostic studies

The searches may be re-run 6 weeks before the final committee meeting and
further studies retrieved for inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based
checklist (see methods chapter for full details).

Key paper: Bell, S., James, M. T., Farmer, C. K. T., Tan, Z., de Souza, N., &
Witham, M. D. (2020). Development and external validation of an acute kidney
injury risk score for use in the general population. Clinical kidney journal, 13(3),
402—412. https://doi.org/10.1093/ckj/sfaa072

Condition or domain being studied

lodine-based contrast media-associated acute kidney injury

Population

Adults receiving iodine-based contrast media
Strata:

e Intravenous vs intra-arterial media administration
Exclusion:

e High osmolar contrast media

Risk predictors

Validated risk assessment tools/questionnaires for acute kidney injury

Reference standard

Diagnosis of an acute kidney injury using any study definition
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Timeframe

*  Within 7 days of contrast administration

9. Types of study to be included *  Prospective cohort studies
»  Systematic reviews of prognostic cohort studies
10. Other exclusion criteria Non-English language studies.
Conference abstracts will be excluded as it is expected there will be sufficient full
text published studies available.
11. Context
12. Primary outcomes (critical outcomes) Primary outcomes:

» Sensitivity and specificity

+ Positive and negative predictive values

» Positive and negative likelihood ratios

* Area under the receiver operator curve (AUC)
» Calibration (Hosmer-Lemeshow test)

Minimal important difference (MID):
e Sensitivity: upper= 80%, lower= 60%
e Specificity: upper= 90%, lower= 80%
e AUC: upper= 0.7, lower= 0.5
e Hosmer-Lemeshow: p-value >0.05

Secondary Outcomes (include only if reported in papers reporting primary

outcomes):
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e Mortality (risk ratio, odds ratio or hazard ratio)

e Dialysis (risk ratio, odds ratio or hazard ratio)

13. Data extraction (selection and coding) EndNote will be used for reference management, sifting, citations and
bibliographies.
All references identified by the searches and from other sources will be uploaded
into EPPI reviewer and de-duplicated.
10% of the abstracts will be reviewed by two reviewers, with any disagreements
resolved by discussion or, if necessary, a third independent reviewer.
The full text of potentially eligible studies will be retrieved and will be assessed in
line with the criteria outlined above.
A standardised form will be used to extract data from studies (see Developing
NICE guidelines: the manual section 6.4).
10% of all evidence reviews are quality assured by a senior research fellow. This
includes checking:
e papers were included /excluded appropriately
e a sample of the data extractions
¢ correct methods are used to synthesise data
¢ a sample of the risk of bias assessments
Disagreements between the review authors over the risk of bias in particular
studies will be resolved by discussion, with involvement of a third review author
where necessary.

14. Risk of bias (quality) assessment

Risk of bias will be assessed using the PROBAST checklist as described in
Developing NICE guidelines: the manual.

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR FINAL

(October 2024)

45



http://www.nice.org.uk/
http://www.nice.org.uk/

15.

Strategy for data synthesis

Heterogeneity between the studies in effect measures will be assessed using the
12 statistic and visually inspected. An I? value greater than 50% will be considered
indicative of substantial heterogeneity. Sensitivity analyses will be conducted
based on pre-specified subgroups using stratified meta-analysis to explore the
heterogeneity in effect estimates. If this does not explain the heterogeneity, the
results will be presented pooled using random-effects.

16. Analysis of sub-groups
17. Type and method of review 0 Intervention
O Diagnostic
X Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
O Other (please specify)
18. Language English
19. Country England
20. Anticipated or actual start date
21. Anticipated completion date
22. Stage of review at time of this submission Review stage Started Completed
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Preliminary searches B [

Piloting of the study selection [ [

process

Formal screening of search results | [~ [

against eligibility criteria

Data extraction E] [

Risk of bias (quality) assessment ] [

Data analysis B [
23. Named contact 5a. Named contact

Guideline Development Team NGC

5b. Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE)
24. Review team members From NICE:

Guideline lead: Gill Ritchie

Systematic reviewer: Toby Sands

Health economist: Syed Mohiuddin, Yuanyuan Zhang

Information specialist: Elizabeth Barrett

Project Manager: Kate Ashmore
25. Funding sources/sponsor

Development of this systematic review is being funded by NICE.
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26.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE
guidelines (including the evidence review team and expert witnesses) must
declare any potential conflicts of interest in line with NICE's code of practice for
declaring and dealing with conflicts of interest. Any relevant interests, or changes
to interests, will also be declared publicly at the start of each guideline committee
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27. Collaborators Development of this systematic review will be overseen by an advisory committee
who will use the review to inform the development of evidence-based
recommendations in line with section 3 of Developing NICE guidelines: the
manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/quidance/ng148

28. Other registration details

29. Reference/URL for published protocol

30. Dissemination plans NICE may use a range of different methods to raise awareness of the guideline.
These include standard approaches such as:
¢ notifying registered stakeholders of publication
e publicising the guideline through NICE's newsletter and alerts
e issuing a press release or briefing as appropriate, posting news articles on the

NICE website, using social media channels, and publicising the guideline within
NICE.

31. Keywords

32. Details of existing review of same topic by same authors
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O Completed but not published
O Completed and published
O Completed, published and being updated
O Discontinued
34. Additional information
35. Details of final publication

www.nice.org.uk

A.2 Review protocol for eGFR

ID Field Content

0. PROSPERQO registration number

1. Review title Can estimated glomerular filtration rate (eGFR) predict iodine-based contrast
media-associated acute kidney injury (AKI)?

2. Review question What is the prognostic accuracy of eGFR for iodine-based contrast media-
associated AKI?

3. Objective To determine the prognostic accuracy and optimal threshold of eGFR for
predicting iodine-based contrast media-associated AKI

4. Searches The following databases (from inception) will be searched:
e Cochrane Database of Systematic Reviews (CDSR)
e Embase
e MEDLINE
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e Epistemonikos

Searches will be restricted by:

e Date limitations —from searches for original guideline (2013)
e English language studies

e Human studies

¢ Prognostic studies

The searches may be re-run 6 weeks before the final committee meeting and
further studies retrieved for inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based
checklist (see methods chapter for full details).

Key papers:

Obed, M., Gabriel, M. M., Dumann, E., Vollimer Barbosa, C., Weilkenborn, K., &
Schmidt, B. M. W. (2022). Risk of acute kidney injury after contrast-enhanced
computerized tomography: a systematic review and meta-analysis of 21
propensity score-matched cohort studies. European radiology, 32(12), 8432—
8442. hitps://doi.org/10.1007/s00330-022-08916-y

Bell, S., James, M. T., Farmer, C. K. T., Tan, Z., de Souza, N., & Witham, M. D.
(2020). Development and external validation of an acute kidney injury risk score
for use in the general population. Clinical kidney journal, 13(3), 402—-412.
https://doi.org/10.1093/ckj/sfaa072

Condition or domain being studied

iodine-based contrast media-associated acute kidney injury
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Population

Adults receiving iodine-based contrast media
Strata:
e Intravenous vs intra-arterial media administration
Key confounding variables: (excluded unless all accounted for)
e Diabetes (previous diagnosis)
e Heart failure (ICD-10 code 150)
o Age

Additional confounder: (included if not accounted for, but recorded)
e Hypertension
Exclusion:

e High osmolar contrast media

Prognostic factor

Estimated glomerular filtration rate (eGFR)
e Cut-offs pooled depending on stage of chronic kidney disease indicated:
o 45-60 (stage 3a)
o 44-30 (stage 3b)
o 29-15 (stage 4)
o <15 (stage 5)

Recorded within 3 months of contrast-media administration

Outcomes

Occurrence of an event following intravenous administration of iodine-based
contrast media.
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e Study defined AKI

e Mortality
e Dialysis
Timeframe:

e Within 7 days

Types of study to be included

* Prognostic cohort studies
» Case control studies
+  Systematic reviews of prognostic cohort studies

Prognostic: studies will only be included if all of the key confounders have been
accounted for in a multivariate analysis. In the absence of multivariate analysis,
studies that account for key confounders with univariate analysis or matched
groups will be considered.

10.

Other exclusion criteria

Non-English language studies.

Conference abstracts will be excluded as it is expected there will be sufficient full
text published studies available.

11.

Context

12.

Primary outcomes (critical outcomes)

Risk of mortality, dialysis, or an AKI occurring:
* Adjusted relative risk (RR)
* Adjusted odds ratio (OR)
* Adjusted hazard ratio (HR)

13.

Data extraction (selection and coding)

EndNote will be used for reference management, sifting, citations and
bibliographies.

All references identified by the searches and from other sources will be uploaded
into EPPI reviewer and de-duplicated.

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR FINAL

(October 2024)

52




10% of the abstracts will be reviewed by two reviewers, with any disagreements
resolved by discussion or, if necessary, a third independent reviewer.

The full text of potentially eligible studies will be retrieved and will be assessed in
line with the criteria outlined above.

A standardised form will be used to extract data from studies (see Developing
NICE guidelines: the manual section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This
includes checking:

e papers were included /excluded appropriately

a sample of the data extractions

correct methods are used to synthesise data

a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular
studies will be resolved by discussion, with involvement of a third review author
where necessary.

14.

Risk of bias (quality) assessment

Risk of bias will be assessed using the QUIPS checklists as described in
Developing NICE guidelines: the manual.

15.

Strategy for data synthesis

Heterogeneity between the studies in effect measures will be assessed using the
12 statistic and visually inspected. An I? value greater than 50% will be considered
indicative of substantial heterogeneity. Sensitivity analyses will be conducted
based on pre-specified subgroups using stratified meta-analysis to explore the
heterogeneity in effect estimates. If this does not explain the heterogeneity, the
results will be presented pooled using random-effects.

GRADEpro will be used to assess the quality of evidence for each outcome,
taking into account individual study quality and the meta-analysis results. The 4
main quality elements (risk of bias, indirectness, inconsistency and imprecision)
will be appraised for each outcome. Publication bias will be considered with the
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guideline committee, and if suspected will be tested for when there are more
than 5 studies for that outcome.

The risk of bias across all available evidence was evaluated for each outcome
using an adaptation of the ‘Grading of Recommendations Assessment,
Development and Evaluation (GRADE) toolbox’ developed by the international
GRADE working group http://www.gradeworkinggroup.org/

Where meta-analysis is not possible, data will be presented and quality assessed
individually per outcome.

16. Analysis of sub-groups
17. Type and method of review 0 Intervention
O Diagnostic
X Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
O Other (please specify)
18. Language English
19. Country England
20. Anticipated or actual start date
21. Anticipated completion date
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22.

Stage of review at time of this submission

Review stage Started Completed
Preliminary searches B [
Piloting of the study selection [ [
process
Formal screening of search results | [~ [
against eligibility criteria
Data extraction E] [
Risk of bias (quality) assessment [ [
Data analysis B [
23. Named contact 5a. Named contact
Guideline Development Team NGC
5b. Organisational affiliation of the review
National Institute for Health and Care Excellence (NICE)
24. Review team members From NICE:
Guideline lead: Gill Ritchie
Systematic reviewer: Toby Sands
Health economist: Syed Mohiuddin, Yuanyuan Zhang
Information specialist: Elizabeth Barrett
Project Manager: Kate Ashmore
25. Funding sources/sponsor

Development of this systematic review is being funded by NICE.
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33.
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O Ongoing
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O Completed and published
O Completed, published and being updated
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35. Details of final publication
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Appendix B Literature search strategies

The literature searches for this review are detailed below and complied with the methodology outlined
in Developing NICE guidelines: the manual (2014)

For more information, please see the Methodology review published as part of the accompanying
documents for this guideline.

B.1 Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were combined with
Intervention (1) and in some cases Comparison (C) terms. Outcomes (O) are rarely used in search
strategies as these concepts may not be indexed or described in the title or abstract and are therefore
difficult to retrieve. Search filters were applied to the search where appropriate.

Table 8: Database parameters, filters and limits applied

Database Dates searched Search filter used
Medline (OVID) 01-01-2013 -09-02-2024 Prognostic studies
Medline in process (OVID) 01-01-2013 -09-02-2024

Medline e pubs Searched 09-02-2024

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language
Embase (OVID) 01-01-2013 -09-02-2024 Prognostic studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

The Cochrane Library (Wiley) Cochrane Reviews 2013 to
2024 Issue 2 of 12

Epistemonikos (The No date limits applied
Epistemonikos Foundation) (searched 09/02/2024)

Medline (Ovid) search terms

1. exp Acute Kidney Injury/

2. ((acute or early) adj1 (kidney or renal) adj2 (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).tw.

3. ((acute or early) and (kidney or renal) and (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).kf.

or/1-3

exp Contrast Media/

lodine/

N os

5and 6
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8. ((contrast or radio* or media or intraven* or intraart* or intra-art*) adj4 iodin*).tw.

9. ((contrast or radio* or media or intraven™ or intraart* or intra-art*) and iodin*).kf.

10. or/7-9

11. glomerular filtration rate/

12. (glomerular adj1 filtrat*).tw.

13. (glomerular and filtrat*).kf.

14. (egfr or gfr).tw,kf.

15. or/11-14

16. 4 and (10 or 15)

17. letter/ or editorial/ or news/ or exp historical article/ or anecdotes as topic/ or comment/
or case reports/

18. (letter or comment*).1i.

19. 17 or 18

20. randomized controlled trial/ or random*.ti,ab.

21. 19 not 20

22. animals/ not humans/

23. exp Animals, Laboratory/

24. exp Animal Experimentation/

25. exp Models, Animal/

26. exp Rodentia/

27. (rat or rats or mouse or mice or rodent*).ti.

28. or/21-27

29. 16 not 28

30. predict.ti.

31. (validat* or rule*).ti,ab.

32. (predict* and (outcome* or risk* or model*)).ti,ab.

33. ((history or variable* or criteria or scor* or characteristic* or finding* or factor*) and
(predict* or model* or decision* or identif* or prognos*)).ti,ab.

34. decision*.ti,ab. and Logistic models/

35. (decision* and (model* or clinical*)).ti,ab.

36. (prognostic and (history or variable* or criteria or scor* or characteristic* or finding* or
factor* or model*)).ti,ab.

37. (stratification or discrimination or discriminate or c statistic or "area under the curve" or
AUC or calibration or indices or algorithm or multivariable).ti,ab.

38. ROC curve/

39. or/30-38

40. 29 and 39

41. limit 40 to english language/

Embase (Ovid) search terms

1. exp acute kidney failure/

2. ((acute or early) adj1 (kidney or renal) adj2 (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).tw.

3. ((acute or early) and (kidney or renal) and (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).kf.

4. or/1-3

5. iodinated contrast medium/

6. ((contrast or radio* or media or intraven™ or intraart* or intra-art*) adj4 iodin*).tw.
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7. ((contrast or radio* or media or intraven* or intraart* or intra-art*) and iodin*).kf.

8. or/5-7

9. exp glomerulus filtration rate/

10. (glomerular adj1 filtrat™).tw.

11. (glomerular and filtrat*).kf.

12. (egfr or gfr).tw, kf.

13. or/9-12

14. 4 and (8 or 13)

15. letter.pt. or letter/

16. note.pt.

17. editorial.pt.

18. case report/ or case study/

19. (letter or comment*).ti.

20. (conference abstract® or conference review or conference paper or conference
proceeding).db,pt,su.

21. or/15-20

22. randomized controlled trial/ or random®.ti,ab.

23. 21 not 22

24. animal/ not human/

25. nonhuman/

26. exp Animal Experiment/

27. exp Experimental Animal/

28. animal model/

29. exp Rodent/

30. (rat or rats or mouse or mice or rodent*).ti.

31. or/23-30

32. 14 not 31

33. predict.ti.

34. (validat* or rule*).ti,ab.

35. (predict* and (outcome™ or risk* or model*)).ti,ab.

36. ((history or variable™ or criteria or scor* or characteristic* or finding* or factor*) and
(predict* or model* or decision* or identif* or prognos*)).ti,ab.

37. decision*.ti,ab. and statistical model/

38. (decision* and (model* or clinical*)).ti,ab.

39. (prognostic and (history or variable* or criteria or scor* or characteristic* or finding* or
factor* or model*)).ti,ab.

40. (stratification or discrimination or discriminate or ¢ statistic or "area under the curve" or
AUC or calibration or indices or algorithm or multivariable).ti,ab.

41. receiver operating characteristic/

42. or/33-41

43. 32 and 42

44, limit 43 to english language/

Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Acute Kidney Injury] explode all trees

#2. ((acute or early) near/1 (kidney or renal) near/2 (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)):ti,ab,kw

#3. #1 or #2
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#4. MeSH descriptor: [Contrast Media] explode all trees

#5. MeSH descriptor: [lodine] explode all trees

#6. #4 and #5

#7. (((contrast or radio* or media or intraven* or intraart* or intra art*) near/4
iodin*)):ti,ab,kw

#8. #6 or #7

#9. MeSH descriptor: [Glomerular Filtration Rate] this term only

#10. ((glomerular near/1 filtrat*)):ti,ab,kw

#11. ((egfr or gfr)):ti,ab,kw

#12. #9 or #10 or #11

#13. #8 or #12

#14. #3 and #13

Epistemonikos search terms

1. (title:((title:((contrast OR radio* OR media OR intraven* OR intraart* OR intra-art*) AND
iodin*) OR abstract:((contrast OR radio* OR media OR intraven* OR intraart* OR intra-
art*) AND iodin*))) OR abstract:((title:((contrast OR radio* OR media OR intraven* OR
intraart* OR intra-art*) AND iodin*) OR abstract:((contrast OR radio* OR media OR
intraven* OR intraart* OR intra-art*) AND iodin*)))) OR (title:(glomerular AND filtrat*)
OR abstract:(glomerular AND filtrat*)) OR (title:(egfr OR gfr) OR abstract:(egfr OR gfr))
AND (title:((acute OR early) AND (kidney OR renal) AND (failure* OR injur* OR
insufficien* OR dysfunction* OR impair* OR damag* OR trauma* OR necrosis)) OR
abstract:((acute OR early) AND (kidney OR renal) AND (failure* OR injur* OR
insufficien* OR dysfunction* OR impair* OR damag* OR trauma* OR necrosis)))

B.2 Health Economics literature search strategy

Health economic evidence was identified by applying filters to the clinical literature search
strategy in Medline and Embase. The following databases were also searched: Econlit (Ovid)
NHS Economic Evaluation Database (NHS EED - this ceased to be updated after 315 March
2015), Health Technology Assessment database (HTA - this ceased to be updated from 31t
March 2018) and The International Network of Agencies for Health Technology Assessment
(INAHTA

Table 9: Database parameters, filters and limits applied
Search filters and limits

Database Dates searched applied

Medline (OVID) Health Economics Health economics studies
1 January 2013-19 February
2024 Exclusions (animal studies,

letters, comments, editorials,
case studies/reports,)

English language

Embase (OVID) Health Economics Health economics studies
1 January 2014 — 19 February
2024 Exclusions (animal studies,

letters, comments, editorials,
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Search filters and limits
Database Dates searched applied

case studies/reports,
conference abstracts)

English language

NHS Economic Evaluation Inception —31st March 2015
Database (NHS EED)

(Centre for Research and

Dissemination - CRD)

Health Technology Inception — 31st March 2018
Assessment Database (HTA)

(Centre for Research and

Dissemination — CRD)

The International Network of Inception - 19 February 2024 English language
Agencies for Health

Technology Assessment

(INAHTA)

Econlit (Ovid) Inception - 19 February 2024

Medline (Ovid) search terms

1. exp Acute Kidney Injury/

2 ((acute or early) adj1 (kidney or renal) adj2 (failure* or injur* or insufficien* or
dysfunction® or impair* or damag* or trauma* or necrosis)).tw.

3. ((acute or early) and (kidney or renal) and (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).kf.

4 or/1-3

5. exp Contrast Media/

6. lodine/

7 5and 6

8. ((contrast or radio* or media or intraven* or intraart* or intra-art*) adj4 iodin*).tw.

9. ((contrast or radio* or media or intraven* or intraart* or intra-art*) and iodin*).kf.

10. or/7-9

11. glomerular filtration rate/

12. (glomerular adj1 filtrat*).tw.

13. (glomerular and filtrat*).kf.

14. (egfr or gfr).tw,kf.

15. or/11-14

16. 4 and (10 or 15)

17. letter/ or editorial/ or news/ or exp historical article/ or anecdotes as topic/ or comment/
or case reports/

18. (letter or comment*).ti.

19. 17 or 18

20. randomized controlled trial/ or random*.ti,ab.

21. 19 not 20

22. animals/ not humans/

23. exp Animals, Laboratory/

24. exp Animal Experimentation/

25. exp Models, Animal/

26. exp Rodentia/

27. (rat or rats or mouse or mice or rodent*).ti.

28. or/21-27

29. 16 not 28

30. Economics/
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31. Value of life/
32. exp "Costs and Cost Analysis"/
33. exp Economics, Hospital/
34. exp Economics, Medical/
35. Economics, Nursing/
36. Economics, Pharmaceutical/
37. exp "Fees and Charges"/
38. exp Budgets/
39. budget*.ti,ab.
40. cost™ ti.
41. (economic* or pharmaco?economic*).ti.
42. (price* or pricing™).ti,ab.
43. (cost* adj2 (effective® or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.
44, (financ* or fee or fees).ti,ab.
45, (value adj2 (money or monetary)).ti,ab.
46. or/30-45
47. exp Models, Economic/
48. *Models, Theoretical/
49. *Models, Organizational/
50. markov chains/
51. monte carlo method/
52. exp Decision Theory/
53. (markov* or monte carlo).ti,ab.
54. econom* model*.ti,ab.
55. (decision* adj2 (tree* or analy* or model*)).ti,ab.
56. Or/47-55
57. 46 or 56
58. 29 and 57
59. limit 58 to english language/
Embase (Ovid) search terms
1. exp acute kidney failure/
2. ((acute or early) adj1 (kidney or renal) adj2 (failure* or injur* or insufficien* or
dysfunction® or impair* or damag* or trauma* or necrosis)).tw.
3. ((acute or early) and (kidney or renal) and (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).kf.
4 or/1-3
5. iodinated contrast medium/
6. ((contrast or radio* or media or intraven* or intraart* or intra-art*) adj4 iodin*).tw.
7 ((contrast or radio* or media or intraven® or intraart* or intra-art*) and iodin*).kf.
8 or/5-7
9. exp glomerulus filtration rate/
10. (glomerular adj1 filtrat*).tw.
11. (glomerular and filtrat*).kf.
12. (egfr or gfr).tw,kf.
13. or/9-12
14. 4 and (8 or 13)
15. letter.pt. or letter/
16. note.pt.
17. editorial.pt.
18. case report/ or case study/
19. (letter or comment*).ti.
20. (conference abstract® or conference review or conference paper or conference
proceeding).db,pt,su.
21. or/15-20
22. randomized controlled trial/ or random*.ti,ab.
23. 21 not 22
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24, animal/ not human/

25. nonhuman/

26. exp Animal Experiment/

27. exp Experimental Animal/

28. animal model/

29. exp Rodent/

30. (rat or rats or mouse or mice or rodent*).ti.

31. or/23-30

32. 14 not 31

33. Health economics/

34. exp health care cost/

35. exp Fee/

36. exp Budget/

37. Funding/

38. budget*.ti,ab.

39. cost™ ti.

40. (economic* or pharmaco?economic*).ti.

41. (price* or pricing®).ti,ab.

42. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

43. (financ* or fee or fees).ti,ab.

44. (value adj2 (money or monetary)).ti,ab.

45. or/33-44

46. statistical model/

47. exp economic aspect/

48. 14 and 15

49. *theoretical model/

50. *nonbiological model/

51. stochastic model/

52. decision theory/

53. decision tree/

54. monte carlo method/

55. (markov* or monte carlo).ti,ab.

56. econom* model*.ti,ab.

57. (decision* adj2 (tree* or analy* or model*)).ti,ab.

58. or/46-58

59. 45 or 58

60. limit 59 to english language/

NHS EED and HTA (CRD) search terms

#1. MeSH DESCRIPTOR Acute Kidney Injury EXPLODE ALL TREES

#2. (((acute or early) adj1 (kidney or renal) adj2 (failure* or injur® or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)))

#3. #1 OR #2

#4. MeSH DESCRIPTOR Contrast Media EXPLODE ALL TREES

#5. MeSH DESCRIPTOR lodine EXPLODE ALL TREES

#6. #4 AND #5

#7. (((contrast or radio* or media or intraven* or intraart* or intra-art*) adj4 iodin*))

#8. #6 OR #7

#9. MeSH DESCRIPTOR Glomerular Filtration Rate EXPLODE ALL TREES

#10. ((glomerular adj1 filtrat*))

#11. (egfr or gfr)

#12. #9 OR #10 OR #11

#13. #8 OR #12
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#14. | #3and#13
INAHTA search terms
#1. "Acute Kidney Injury"[mhe]
#2. ((acute or early) and (kidney or renal) and (failure* or injur* or insufficien* or

dysfunction* or impair* or damag* or trauma* or necrosis))[Title] OR ((acute or early)
and (kidney or renal) and (failure* or injur® or insufficien* or dysfunction* or impair* or
damag* or trauma* or necrosis))[abs]

#3. #1 OR #2

#4. "Contrast Media"[mhe]

#5. "lodine"[mhe]

#6. #4 AND #5

#7. ((contrast or radio* or media or intraven® or intraart* or intra-art*) and iodin*)[Title] OR

((contrast or radio* or media or intraven® or intraart* or intra-art*) and iodin*)[abs]

#8. #6 or #7

#9. "Glomerular Filtration Rate"[mhe]

#10. (glomerular and filtrat*)[Title] OR (glomerular and filtrat*)[abs]

#11. (egfr or gfr)[Title] OR (egfr or gfr)[abs]

#12. #9 OR #10 OR #11

#13. #8 OR #12

#14. #3 AND #13

Econlit (Ovid)search terms

1. ((acute or early) adj1 (kidney or renal) adj2 (failure* or injur* or insufficien* or
dysfunction® or impair* or damag* or trauma* or necrosis)).tw.

2. [((acute or early) and (kidney or renal) and (failure* or injur* or insufficien* or
dysfunction* or impair* or damag* or trauma* or necrosis)).kf.]

3. or/1-2

4, (contrast or radio* or media or intraven* or intraart* or intra-art*) adj4 iodin*).tw.

5. [((contrast or radio* or media or intraven* or intraart* or intra-art*) and iodin*).kf.]

6. or/4-5

7. (glomerular adj1 filtrat®).tw.

8. [(glomerular and filtrat*).kf.]

9. [(egfr or gfr).tw,kf.]

10. or/7-9

11. (6 or10)and 3
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Appendix C  Prognostic evidence study selection

Figure 1: Flow chart of clinical study selection for the review of risk assessment tools
and eGFR as a risk factor for iodine-based contrast media-associated acute

kidney injury
Records identified through Additional records identified through
database searching, n=4219 other sources, n=16

v

Records screened in 1st sift,
n=4235

_ | Records excluded in 1st sift,

| n=3775
A 4
Full-text papers assessed for
eligibility, n=460
VL A 4
Papers included in review Papers excluded from reviews, n=435
e Q1.1 n=19
e Q1.2 n=6

Reasons for exclusion: see Appendix I.
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Appendix D Prognostic evidence

4.1.1. Risk prediction tools
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Alan, 2019

Bibliographic Alan, Guillaume; Guenancia, Charles; Arnould, Louis; Azemar, Arthur; Pitois, Stephane; Maza, Maud; Bichat, Florence; Zeller,
Reference Marianne; Gabrielle, Pierre-Henri; Bron, Alain Marie; Creuzot-Garcher, Catherine; Cottin, Yves; Retinal Vascular Density as A
Novel Biomarker of Acute Renal Injury after Acute Coronary Syndrome.; Scientific reports; 2019; vol. 9 (no. 1); 8060

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location France

Study setting Cardiology intensive care unit
Study dates September 2016 - March 2017

Sources of funding Supported by the Dijon University Hospital, the Association de Cardiologie de Bourgogne, and by grants from the Agence
Régionale de Santé de Bourgogne, French Ministry of Research, Institut National de la Santé et de la Recherche Médicale,
Fédération Francgaise de Cardiologie, Société Francaise de Cardiologie and the Regional Council of Burgundy
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Study sample Patients’ medical records from the obseRvatoire des Infarctus de Cbte d’Or - a regional survey set up to collect data for
patients hospitalised with acute coronary syndrome

Inclusion criteria  Underwent coronary angiography whilst hospitalised and were eligible for optical coherence tomography angiography
Exclusion criteria  History of an eye disease (diabetic and vascular retinopathy, age-related macular degeneration, vitreoretinal abnormality)

On dialysis,

Not affiliated to national health insurance
Intervention details No additional information

Population
subgroups
. Mehran Risk Score

Risk tool(s)
Includes eight weighted variables: hypotension, intra-aortic balloon pump, congestive heart failure, chronic kidney disease,
diabetes, age >75 years, anaemia, and volume of contrast
GRACE Score
The GRACE admission score assesses the patient’s individual ischemic risk and prognosis with calculation of the
probability of in-hospital and 6-month mortality

Model Both risk scores were externally created. Optimal cut-off values for each were determined using ROC curves from this

development and  study population.

validation

Outcome Acute kidney injury, referred to in the paper as acute renal failure - according to KDIGO criteria, with an increase in serum
creatinine of at least 26.5 ymol/L at 48h after injection or >50% compared to the initial dosage within 7 days after injection
of ICA

Duration of follow- 7 days

up
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Indirectness None

Additional None
comments

Study arms

Mehran Risk Score (cut-off: 5) (N = 216)

GRACE Score (cut-off: 142) (N = 216)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal

Study (N = 216)
62.68 (12.38)

Nn=46;%=21.3

NR
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Characteristic Study (N = 216)
Diabetes n=>51;%=23.6

Sample size
Heart failure n=30;%=13.9

Sample size
Hypertension n=112;% =519

Sample size

Contrast volume 147.56 (64.44)
mL

Mean (SD)
Number of AKI events n=21;%=10

Sample size

Outcomes

Acute kidney injury

Outcome Mehran Risk Score (cut-off: 5), , N = 216 GRACE Score (cut-off: 142), , N =216
AUC 0.8 (0.7 to 0.91) 0.83 (0.72 to 0.93)

Mean (95% CI)
Sensitivity 76 81
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Outcome Mehran Risk Score (cut-off: 5), , N =216 GRACE Score (cut-off: 142), , N = 216
Nominal

Specificity % 69 71

Nominal
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Ando, 2014

Bibliographic Ando, Giuseppe; de Gregorio, Cesare; Morabito, Gaetano; Trio, Olimpia; Saporito, Francesco; Oreto, Giuseppe; Renal
Reference function-adjusted contrast volume redefines the baseline estimation of contrast-induced acute kidney injury risk in patients
undergoing primary percutaneous coronary intervention.; Circulation. Cardiovascular interventions; 2014; vol. 7 (no. 4); 465-72

Study details

Secondary
publication of
another included
study- see primary
study for details

Other publications
associated with
this study included
in review

Trial name /
registration
number

Study type
Study location
Study setting
Study dates

No additional information

Same population as 2013 study by the same author: Age, Glomerular Filtration Rate, Ejection Fraction, and the AGEF
Score Predict Contrast-Induced Nephropathy in Patients With Acute Myocardial Infarction Undergoing Primary
Percutaneous Coronary Intervention. https://doi.org/10.1002/ccd.25023

Prognostic accuracy data of model 1 is reported in the details of the 2013 study. The details outlined here focus on model 2
only, which was validated in a subset of the whole population.

No additional information

Prospective cohort study

Italy

Intensive and interventional cardiology department
2012-2013
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Sources of funding Funded by the University of Messina
Study sample Non-consecutive patients undergoing primary PCI
Inclusion criteria  Admitted within 12 hours of STEMI symptom onset

Exclusion criteria Known tumour or chronic inflammatory disease
Chronic kidney failure on haemodialysis at admission
Monoclonal gammopathy
Recipient of transplants
History of adverse reaction to contrast dye or exposure within the last 7 days
Undergoing emergency cardiac surgery for coronary revascularization or STEMI-related mechanical complications

Died within 12 hr after the procedure.

Intervention details Primary PCI was performed by an interventional team, using femoral approach and according to standard clinical practice.
Pharmacological therapy, as well as the indication to intra-aortic balloon pump support, was left to the discretion of the
attending cardiologists. Hydration was initiated during the diagnostic procedure and was continued for 248 hours. Saline
solution (0.9%) was given intravenously at a rate of 1 mL/ kg per hour; hydration rate was reduced to 0.5 mL/kg per hour in
patients with severe left ventricular dysfunction or overt heart failure. Non-ionic low-osmolar contrast media were used in all
cases. Blood samples were collected for measurement of serum creatinine concentration on hospital admission, 6 hours
after the procedure, every day for the following 3 days, and at discharge from the coronary care unit. Baseline eGFR was
calculated using the modification of diet in renal disease equation.

Risk tool(s) AGEF Score (including renal function-adjusted contrast volume)
Modified version of the ACEF score, including the following variables:

Age
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Model
development and
validation

Outcome

Duration of follow-
up
Indirectness

Additional
comments

Study arms

eGFR
LVEF

Contrast volume : eGFR ratio

A logistic regression model was fitted to the database, with the occurrence of CI-AKI as the outcome. The model (model 2)
included AGEF score and CV/eGFR. First, the accuracy of each model was assessed in terms of discrimination and
calibration: ROC curves analysis was performed to assess discrimination, as measured by the AUC

Contrast-induced acute kidney injury, defined as an absolute increase in serum creatinine concentration 20.5 mg/dL or
=225% from baseline within 72 hours after the administration of contrast medium, without any other plausible cause

72 hours

None
None

Study-developed risk score (N = 126)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Heart failure

Nominal
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)
Number of AKI events

Sample size
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Study (N = 126)
64.3 (14.1)

Nn=27;%=21.4

NR

n=36; %=28.6

NR

n=75;%=59.5

176.7 (44.4)

n=12;%=9.5
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Outcomes
Acute kidney injury

Outcome Study-developed risk score, , N = 126
AUC 0.86 (0.8 to 0.92)

Mean (95% CI)
Hosmer-Lemeshow 59.9 (<0.001)

Mean (p value)

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)

77



Ando, 2013

Bibliographic Ando, Giuseppe; Morabito, Gaetano; de Gregorio, Cesare; Trio, Olimpia; Saporito, Francesco; Oreto, Giuseppe; Age,

Reference glomerular filtration rate, ejection fraction, and the AGEF score predict contrast-induced nephropathy in patients with acute
myocardial infarction undergoing primary percutaneous coronary intervention; Catheterization and Cardiovascular
Interventions; 2013; vol. 82 (no. 6); 878-885

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location Italy

Study setting Coronary care unit

Study dates January 2008 - June 2011

Sources of funding Grant received from Azienda Ospedaliera Universitaria Policlinico “Gaetano Martino”, University of Messina, Italy
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Study sample Consecutive patients referred to the unit for primary percutaneous coronary intervention in the course of ST-segment
elevation myocardial infarction

Inclusion criteria  Admitted within 12 hours of symptom onset
Exclusion criteria Known tumour or chronic inflammatory disease

Chronic kidney failure on haemodialysis at admission

Monoclonal gammopathy

Recipient of transplants

History of adverse reaction to contrast dye or exposure within the last 7 days

Undergoing emergency cardiac surgery for coronary revascularization or STEMI-related mechanical complications

Died within 12 hours of the procedure

Intervention details Primary PCI was performed from the transfemoral approach according to standard clinical practice. The indication to intra-
aortic balloon pump support was left to the discretion of the attending cardiologists. Saline solution (0.9%) was given
intravenously at a rate of 1 mL/kg/hr; hydration rate was reduced to 0.5 mL/ kg/hr in patients with severe left ventricular
dysfunction or overt heart failure. Hydration was initiated during the diagnostic procedure and was continued for at least 48
hours. Non-ionic low-osmolar contrast media was used in all cases

Risk tool(s) ACEF score

Model previously developed by Ranucci et al., (2009) to predict mortality in cardiac surgery patients using the following
variables:

Age
Ejection fraction
Serum creatinine
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Mehran risk score

Previously established model. No additional information on use other than it was applied at the end of the PCI procedure

Model Both models were previously established in other papers

development and

validation

Outcome Contrast-induced nephropathy, defined as an absolute increase in serum creatinine 20.5 mg/dL or an increase 225% from

baseline within 72 hours of contrast administration, without any other plausible aetiology
Duration of follow- Duration of hospital stay (mean (SD)) 7 (3) days

up

Indirectness None
Additional None
comments

Study arms

ACEF score (N = 481)

Mehran risk score (cut-off: 5) (N = 481)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size

Heart failure
Killip class

Mean (SD)
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)
Number of AKI events

Sample size
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Study (N = 481)
62 (12)

n=128; % =27
NR
n=143; % =30
1.1 (0.5)
n=285; % =259
164 (63)
n=25;%=5.2
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Outcomes

Acute kidney injury

Outcome ACEF score, , N = 481 Mehran risk score (cut-off: 5), , N = 481
AUC 0.82 (0.78 to 0.85) 0.8 (0.77 to 0.84)

Mean (95% CI)

Sensitivity NR 72
Nominal

Specificity NR 73.5
Nominal

Hosmer-Lemeshow NR (NR) 3.33 (0.77)

Mean (p value)
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Buratti, 2021

Bibliographic Buratti, Stefano; Crimi, Gabriele; Somaschini, Alberto; Cornara, Stefano; Camporotondo, Rita; Cosentino, Nicola; Moltrasio,

Reference Marco; Rubino, Mara; De Metrio, Monica; Marana, lvana; De Servi, Stefano; Marenzi, Giancarlo; De Ferrari, Gaetano M; A
preprocedural risk score predicts acute kidney injury following primary percutaneous coronary intervention.; Catheterization
and cardiovascular interventions : official journal of the Society for Cardiac Angiography & Interventions; 2021; vol. 98 (no. 2);
197-205

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location Italy

Study setting Two hospitals

Study dates 2004 — 2015

Sources of funding None reported
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Study sample Consecutive ST-elevated myocardial infarction patients admitted to two hospitals
Inclusion criteria  Undergoing percutaneous coronary intervention
Exclusion criteria On haemodialysis

Undergoing rescue PCI or urgent cardiac surgery

Died during procedure or before consecutive creatinine measurements could be taken

Intervention details Primary PCI was performed by interventional cardiologists, according to standard clinical practice. Iso-osmolar contrast
agents were used.

Risk tool(s) Study developed risk tool (referred to as De Ferrari)
Model based on five variables (score for each indicated in brackets, with a maximum score of 17):
Killip class Il or Il (2)
Killip class IV (4)
Diabetes (2)
Anterior STEMI (3)
Age >75 years (3)

eGFR <60 (5)

Mehran, Marenzi and Inohara risk scores

No details provided

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)
84



Model Candidate predictors of CI-AKI included variables known at baseline and serum creatinine. Independent predictors were

development and identified by fitting a multivariable logistic regression model in which all significant variables at univariate tests were

validation included. Collinearity between covariates was assessed with a Spearman p test. Each significant variable that was included
in the final model was allocated a score based on the nearest whole integer number to the OR identified. ROC curves were
computed and c-statistic was used to assess discrimination. Model calibration was assessed with the Hosmer-Lemeshow
¥2 test. The Risk Score performance was then evaluated in the separate validation cohort

Outcome Contrast-induced acute kidney injury, defined as: an absolute serum creatinine increase 20.5 mg/dl in the first 72 hours
Duration of follow- Unclear

up

Indirectness None

Additional None

comments

Study arms

Study developed risk tool (N = 1782)

Mehran risk score (N = 1782)

Marenzi risk score (N = 1782)

Inohara risk score (N = 1782)
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Characteristics

Study-level characteristics

Characteristic Study (N = 1782)
Mean age (SD) 63.7 (12.2)

Mean (SD)

% Female n=387;%=217
Sample size

Ethnicity NR

Nominal

Diabetes n=281;%=15.8
Sample size

Heart failure n=NA;%=NA
Sample size

Killip Class II-lll n=163; % =9.1
Sample size

Killip class IV n=158; % =8.7
Sample size

Hypertension n=914;%=51.2
Sample size
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Characteristic Study (N = 1782)

No CI-AKI 209 (156 to 353)
1646 participants

Median (IQR)

Cl-AKI 262 (182 to 470)
136 participants

Median (IQR)

Number of AKI events n=136;%=7.6

No of events

Outcomes

Acute kidney injury

Outcome Study developed risk tool, , N = Mehran risk score, , N = Marenzi risk score, , N = Inohara risk score, , N =
1782 1782 1782 1782

AUC 0.84 (0.0183) 0.81 (0.0144) 0.79 (0.0205) 0.73 (0.021)

Mean (SE)

AUC 0.84 (0.8 10 0.87) 0.81 (0.78 10 0.84) 0.79 (0.75 10 0.83) 0.73 (0.69 10 0.77)

Mean (95%
Cl)

95%CI calculated by analyst from SE reported in paper
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Chaudhary, 2019

Bibliographic Chaudhary, Abhay Kumar; Pathak, Vijay; Kunal, Shekhar; Shukla, Shubhra; Pathak, Pooja; CHA2DS2-VASc score as a novel
Reference predictor for contrast-induced nephropathy after percutaneous coronary intervention in acute coronary syndrome.; Indian
heart journal; 2019; vol. 71 (no. 4); 303-308

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location India

Study setting Cardiology department
Study dates March 2017 - October 2018

Sources of funding None reported

Study sample Consecutive patients attending the Department of Cardiology presenting with acute coronary syndrome (ST-elevated
myocardial infarction and non-ST-elevated) and undergoing percutaneous coronary intervention (PCI)
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Inclusion criteria
Exclusion criteria

Intervention details

Population
subgroups

Risk tool(s)

None reported
None reported

All PCI procedures were performed by interventional cardiologists either through the transfemoral or transradial approach.
Non-ionic, low-osmolar contrast medium or non-ionic, iso-osmolar dimeric contrast medium were used during the PCI.
lodixanol was used in patients with a baseline eGFR <60 mL/min who were also hydrated with intravenous 0.9%, isotonic
saline before the procedure, except for patients with frank congestive cardiac failure. Rate of intravenous hydration
consisted of 1 mL/kg of body weight/hour or 0.5 mL/kg/ hr for 12 h in patients with LVEF <40%. It was started 3-12 h before
contrast agent injection and continued for 12 h after PCI. Nephrotoxic drugs such as metformin and nonsteroidal anti-
inflammatory drugs were withdrawn before PCI. All patients were pre-treated with aspirin (300 mg) and a P2Y 12 antagonist
before PCI. In addition, unfractionated heparin was administered during the procedure. The use of glycoprotein lIb/llla
inhibitors during PCl was at the operator's discretion

CHA2DS2-VASc

CHA2DS2-VASc score was calculated for each patient by giving a score of 1 to each of these variables:
Congestive heart failure or left ventricular systolic dysfunction (ejection fraction <40%)

Hypertension

Age 65-74 years

Diabetes mellitus

Vascular disease

Female gender
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points were allocated for the following variables:
Aged 275 years

Previous stroke or transient ischemic attack

A minimum score of 1 was assigned to every patient as they had an episode of coronary artery disease, hence the need for

PCI
Model Externally developed risk prediction tool typically used for predicting stroke in patients with atrial fibrillation
development and
validation
Outcome Contrast induced nephropathy, defined as the elevation of serum creatinine 20.5 mg/dL or 225% increase in the baseline

serum creatinine levels within 48 hrs after PCI

Duration of follow- Unclear

up

Indirectness None
Additional None
comments

Study arms

CHA2DS2-VASc score (cut-off: 24) (N = 300)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size

Heart failure
Killip class 22

Sample size
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)
Number of AKI events

Sample size
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Study (N = 300)
55.03 (9.56)

n=85;%=28.3

NR

n=62; %=20.7

n=54;%=18

n=120; % =40

145.37 (50.84)

n=41;% =137
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Outcomes

Contrast induced nephropathy

Outcome CHA2DS2-VASc score (cut-off: 24), , N = 300
AUC 0.81 (0.73t0 0.9)

Mean (95% CI)

Sensitivity 90.2
Nominal
Specificity 62.9
Nominal
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Connolly, 2018

Bibliographic Connolly, M; Kinnin, M; McEneaney, D; Menown, |; Kurth, M; Lamont, J; Morgan, N; Harbinson, M; Prediction of contrast
Reference induced acute kidney injury using novel biomarkers following contrast coronary angiography.; QJM : monthly journal of the
Association of Physicians; 2018; vol. 111 (no. 2); 103-110

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location UK

Study setting Cardiology centre

Study dates Not reported

Sources of funding Supported by Randox Laboratories Ltd and the Research and Development fund Northern Ireland Health and Social Care
Study sample Patients at high risk of AKI attending a cardiology centre who were assessed prior to cardiac catheterisation
Inclusion criteria  Baseline GFR <60 mls/min
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Exclusion criteria Recent myocardial infarction

Hospitalisation or heart failure within 6 weeks

Intervention details Pre-procedural CI-AKI prophylaxis with 0.9% saline was adminis-tered to all patients with a GFR <40 mis/min, and patients
with a GFR of 40-59 mls/min if their Mehran score was 210. Low-osmolar contrast was used for all patients in the form of
lohexol, which contained 350mg of organic iodine per ml.

Population
subgroups
. Mehran risk score (cut-off: 210)
Risk tool(s)
No information other than risk factors which contributed to the risk score:
Chronic kidney disease stage
Cardiac failure
Age >75 years
Anaemia
Diabetes
Contrast volume
Cut-off based on literature
Model Externally developed risk tool
development and
validation
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Outcome Contrast induced acute kidney injury, defined as per KDIGO guidelines: absolute delta rise in creatinine of 226.5 mmol/l or
a 50% relative rise from baseline at 48 h following contrast

Duration of follow- One-year

up

Indirectness None
Additional None
comments

Study arms

Mehran risk score (cut-off: 210) (N = 301)

Characteristics

Study-level characteristics

Characteristic Study (N = 301)
Mean age (SD) 73.53 (8.3)
Mean (SD)

% Female n=131

Sample size

Ethnicity NR

Nominal
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Characteristic Study (N = 301)

Diabetes n=285;%=28.2
Sample size

Heart failure n=67;%=223
Sample size

Hypertension n=297; % =987
Sample size

Contrast volume (ml) 70.04 (44.24)
Mean (SD)

Number of AKI events n=28;%=93
Sample size

Outcomes

Acute kidney injury

Outcome Mehran risk score (cut-off: 210), , N = 301
AUC 0.65

Nominal

Sensitivity 64

Nominal
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Outcome Mehran risk score (cut-off: 210), , N = 301

Specificity 62
Nominal
PPV 10
Nominal
NPV 94
Nominal

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)

98



Gurm, 2013

Bibliographic Gurm, Hitinder S; Seth, Milan; Kooiman, Judith; Share, David; A novel tool for reliable and accurate prediction of renal
Reference complications in patients undergoing percutaneous coronary intervention.; Journal of the American College of Cardiology;
2013; vol. 61 (no. 22); 2242-8

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study

Study location USA

Study setting All non-federal hospitals in Michigan
Study dates January 2010 - June 2012

Sources of funding Funded by Blue Cross Blue Shield of Michigan
Study sample Consecutive patients who underwent percutaneous coronary intervention (PClI)
Inclusion criteria  None reported
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Exclusion criteria  Already on dialysis

Missing serum creatinine levels (pre or post procedure)

Intervention details The type of contrast media and hydration protocols used were as per operator preference guided by institutional policy and

practice
Population
subgroups
. Study-developed risk tool (full model)
Risk tool(s)

The full model contained 46 parameters:
Pre-procedural therapy
Beta-blockers
Antianginal medication within 2 weeks
Calcium channel blockers
Long-acting nitrates
Other antianginal agent
Ranolazine
Thrombolytics
Pre-procedural vasopressors
Clinical history
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Gl bleeding

Heparin-induced thrombocytopenia
Surgery within 7 days pre-procedure
Hypertension

Cerebrovascular disease

Prior heart failure

Prior Ml

Peripheral arterial disease

Prior PCI

Dyslipidaemia

Family history of premature CAD
History of atrial fibrillation

Cardiac transplant

Prior valve surgery

Cardiomyopathy or left ventricular systolic dysfunction

Chronic lung disease
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Diabetes mellitus

Prior CABG

Prior ICD implant

Patient characteristics

Race - black or African American
Sex

Current/recent smoker (within a year)
Age

Weight

Height

Patient presentation

PCI indication

PCI status

CAD presentation

Pre-operative evaluation prior to noncardiac surgery

Pre-PCI LVEF
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Cardiogenic shock

Heart failure within 2 weeks

Cardiac arrest within 24 hours
Pre-procedural laboratory assessments
Creatine-kinase MB

Creatinine

Haemoglobin

Troponin | and Il

Study-developed risk tool (reduced model)

To create an easy-to-use bedside tool, a reduced model was also trained using only the 15 most important predictors as
assessed in the full model:

Patient presentation
PCI indication
PCI status
CAD presentation
Cardiogenic shock
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Heart failure within 2 weeks
Pre-PCI LVEF

Clinical history

Diabetes mellitus

Patient characteristics

Age

Weight

Height

Pre-procedural laboratory assessments
Creatine kinase MB

Serum creatinine
Haemoglobin

Troponin | and Il

Model The full and reduced models were evaluated in terms of discrimination and predictive power in the validation data set.
development and Overall diagnostic accuracy was estimated using the AUC.

validation

Outcome Contrast-induced nephropathy, defined as: impairment in renal function resulting in 0.5 mg/dl absolute increase in serum

creatinine level from baseline

Duration of follow- Unclear
up
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Indirectness None

Additional None
comments

Study arms

Study-developed risk tool (full model) (N = 20572)

Study-developed risk tool (reduced model) (N = 20572)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size

Ethnicity
Black or African American

Sample size

Study (N = 20572)
65 (12.2)

n=6915; % = 34

n=2192; % = 11
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Characteristic Study (N = 20572)

Diabetes n=7533; %=37
Sample size

Heart failure n=3196; % =16
Sample size

Hypertension n=17495; % = 85
Sample size

Contrast volume NR

Nominal

Number of AKI events n=505;%=25
Sample size

Outcomes

Acute kidney injury

Outcome Study-developed risk tool (full model), , N = 20572 Study-developed risk tool (reduced model), , N = 20572
AUC 0.85 (0.84 t0 0.87) 0.84 (0.82 to 0.86)

Mean (95% CI)
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Dialysis

Outcome Study-developed risk tool (full model), , N = 20572

Study-developed risk tool (reduced model), , N = 20572
AUC 0.88 (0.82 to0 0.93) 0.88 (0.82 t0 0.93)
Mean (95% ClI)
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Kul, 2015

Bibliographic Kul, S; Uyarel, H; Kucukdagli, O T; Turfan, M; Vatankulu, M A; Tasal, A; Erdogan, E; Asoglu, E; Sahin, M; Guvenc, T S;
Reference Goktekin, O; Zwolle risk score predicts contrast-induced acute kidney injury in STEMI patients undergoing PCI.; Herz; 2015;
vol. 40 (no. 1); 109-15

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location Germany

Study setting Hospital

Study dates May 2011 - September 2012

Sources of funding None reported
Study sample Consecutive patients admitted with ST-elevated myocardial infarction, undergoing urgent cardiac catheterisation
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Inclusion criteria  Inclusion based on STEMI criteria:
Presented within 12 h from the onset of typical chest pain (24 h for persistent symptoms and/or ST elevation)

New ST elevation at the J point in two contiguous leads with the cut-off points of 20.1 mV in all leads other than leads V2—
V3 where the following cut-off points applied: 20.2 mV in men 240 years; =0.25 mV in men <40 years, or 20.15 mV in
women

New onset of complete left bundle-branch block

Had primary PCI (angioplasty and/or stent deployment)
Exclusion criteria Scheduled for coronary artery bypass graft surgery

On medical treatment

Chronic kidney disease (eGFR <30 ml/min/1.73m3) and/or on dialysis
Prior CABG

Died within 48 hours of hospital admission

Exposed to contrast medium within 7 days of PCI

Intervention details All patients received 300 mg aspirin and a 600 mg loading dose of clopidogrel before coronary angiography. Emergency
coronary angiography was performed by the percutaneous femoral approach using a non-ionic low-osmolality contrast
medium. Heparin (100 U/kg) was administered when the coronary anatomy was first assessed. The usage of tirofiban was
left to the discretion of the operator.

Population
subgroups

. Mehran risk score
Risk tool(s)
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Mehran risk score was calculated using:
Hypotension (5 points, if systolic blood pressure <80 mmHg for at least 1 h requiring inotropic support)
Use of intra-aortic balloon pump (5 points)

Congestive heart failure (5 points, if class IlI/IV by New York Heart Association classification or history of pulmonary
edema)

Age (4 points, if >75 years), anaemia (3 points, if haematocrit <39% for men and <36% for women)
Diabetes mellitus (3 points)
Contrast media volume (1 point per 100 ml)

Serum creatinine (4 points if >1.5 mg d/l)

Zwolle risk score
Zwolle risk score was calculated using:
Killip class (1, 0 point; 2, 4 points; 3—4, 9 points)
Post-TIMI flow grade (3, 0 point; 2, 1 point; 1, 2 points)
Age (260, 2 points)
Three-vessel disease (1 point)
Anterior Ml (1 point)
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Ischemic time >4 h (1 point)

Model Mehran risk score was previously established for the assessment of post-contrast AKI risk. Zwolle risk score is used to
development and identify patients low risk patients with STEMI undergoing PCI.

validation

Outcome Contrast-induced acute kidney injury, defined as: a relative increase in baseline serum creatinine of >25% and/or an

absolute increase of 0.5 mg/ dl within 72 h after contrast administration

Duration of follow- Duration of hospital stay

up

Indirectness None
Additional None
comments

Study arms

Mehran risk score (cut-off: >5) (N = 314)

Zwolle score (cut-off: >2) (N = 314)

Characteristics

Study-level characteristics

Characteristic Study (N = 314)
Mean age (SD) 56.33 (11.41)
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Characteristic Study (N = 314)
Mean (SD)
% Female n=59;%=18.8

Sample size
Ethnicity NR

Nominal
Diabetes n=71;%=226

Sample size

Heart failure n=20;%=6.4
Killip >1

Sample size
Hypertension n=136; % =433

Sample size
Contrast volume (ml) 274.2 (114.1)

Mean (SD)
Number of AKI events n=38;%=121

Sample size
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Outcomes

Acute kidney injury

Outcome
Sensitivity

Mean (95% CI)
Specificity

Mean (95% ClI)
AUC

Mean (95% CI)
PPV

Mean (95% ClI)
NPV

Mean (95% ClI)

Mehran risk score (cut-off: >5), , N = 314
71.1 (63 to 81)

73 (65 to 84)

0.79 (0.7 to 0.88)

27 (8 to 46)

94 (88 to 97)

Zwolle score (cut-off: >2), , N = 314
76.3 (68 to 84)

75.4 (66 to 83)

0.85 (0.78 t0 0.92)

30 (10 to 43)

96 (90 to 99)
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Lei, 2020

Bibliographic Lei, Li; Xue, Yan; Guo, Zhaodong; Liu, Bowen; He, Yibo; Liu, Jin; Nie, Zhigiang; Chen, Liling; Chen, Kaihong; Huang,

Reference Zhidong; Liang, Min; Chen, Shiqun; Liu, Yong; Chen, Jiyan; Nomogram for contrast-induced acute kidney injury in patients
with chronic kidney disease undergoing coronary angiography in China: a cohort study.; BMJ open; 2020; vol. 10 (no. 5);
e037256

Study details

No additional information
Secondary

publication of

another included

study- see primary

study for details

Other publications No additional information

associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location China

Study setting Hospital

Study dates January 2010 - October 2012

Sources of funding Supported by the Beijing Lisheng Cardiovascular Pilot Foundation, the 'Lixin Yangfan' Optimised Anti-thrombus Research
Fund, the Progress in Science and Technology Project of Guangzhou, the Access Research Fund, and the China Youth
Clinical Research Fund
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Study sample Consecutive patients who underwent coronary angiography (CAG) / percutaneous coronary intervention (PClI)
Inclusion criteria  Aged =18 years

eGFR <60 mL/min/1.73 mm2
Exclusion criteria Pregnant or lactating

Contrast exposure within 7 days of CAG/PCI, or 3 days after
Cardiovascular surgery

No use of contrast media during procedure

Undergoing haemodialysis

Missing preoperative or postoperative creatinine

Malignancy

No use of isotonic saline for hydration
Intervention details Procedures were performed by interventional cardiologists according to routine practice

Population
subgroups

. Mehran risk score
Risk tool(s)

Original 2004 paper referenced

Study-developed nomogram
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Nomogram with point scoring system (0-220, with probability of an AKI occurring on a logarithmic scale, starting at ~80
points with a probability of 0.01 through to a score of ~210 representing a probability of 0.8) based on:

Age

Heart rate
Weight
Hypotension
PCI

Beta blocker use

Model Variables that were imbalanced between groups or clinically important were candidates for univariable logistic analysis.
development and  Significant predictors from the univariable analysis were included in the multivariable logistic analysis to fit a prediction
validation model. A backward stepwise approach was performed to create a reduced model by successively removing non-significant

covariates (p>0.1) until all the remaining predictors were statistically significant. Collinearity between variables was also
evaluated. A nomogram was then formulated based on the results. To form the nomogram, each regression coefficient in
the multivariable logistic regression was proportionally converted into a 0—100-point scale. Variables with the highest 3
coefficient were assigned 100 points. The points are added across each variable to calculate the total points, which are
finally converted to predicted probabilities. The performance of the nomogram was assessed using the area under the ROC
curve and concordance C-statistic for discriminative ability and calibration with 1000 bootstrap samples. Calibration was
assessed using the Hosmer-Lemeshow test. The cut-off score to identified patients at risk of CI-AKI was then derived from
the ROC curve.

Outcome Contrast-induced acute kidney injury, defined as: serum creatinine elevation 20.5mg/dL or 25% from baseline within the first
48-72 hours following contrast exposure

Duration of follow- Ongoing from enrolment until 2019 (maximum of 9 years)

up

Indirectness None
Additional None
comments
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Study arms

Mehran risk score (N = 643)

Study-developed nomogram (cut-off: 129) (N = 643)

Characteristics

Study-level characteristics

Characteristic Study (N = 643)
Mean age (SD) 69.88 (9.67)
Mean (SD)

% Female n=181; % =28.2
Sample size

Ethnicity NR

Nominal

Diabetes n=207; % =322
Sample size
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Characteristic Study (N = 643)
Heart failure n=468; % =73

Sample size
Hypertension n=475;%=73.9

Sample size
Contrast volume (ml) 136.1 (64.72)

Mean (SD)
Number of AKI events n=96;%=14.9

Sample size

Outcomes

Acute kidney injury

Outcome Mehran risk score , , N = 634 Study-developed nomogram (cut-off: 129), , N = 634
Sensitivity NR 81.2

Nominal

Specificity NR 62.3

Nominal

AUC 0.71 (NR to NR) 0.78 (0.73 t0 0.83)

Mean (95% ClI)
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Liang, 2023

Bibliographic Liang, L.; Li, D.; Zeng, R.; Zhang, H.; Lv, L.; Wei, W.; Wan, Z.; Long- and very long-chain ceramides are predictors of acute

Reference kidney injury in patients with acute coronary syndrome: the PEACP study; Cardiovascular Diabetology; 2023; vol. 22 (no. 1);
92
Study details
No additional information
Secondary

publication of

another included

study- see primary

study for details

Other publications No additional information

associated with
this study included

in review

Trial name / NCT04122573

registration

number

Study type Prospective cohort study
Study location China

Study setting Tertiary hospitals

Study dates November 2019 - April 2020

Sources of funding Supported by grants from the National Key Research and Development Program of China, Sichuan Science and
Technology Program, Sichuan Provincial Health Commission, Sichuan University West China Nursing Discipline
Development Special Fund Project
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Study sample Patients admitted with chest pain onset <24 hours who were diagnosed with acute coronary syndrome and underwent
percutaneous coronary intervention (PCI)

Inclusion criteria  Diagnosed with acute coronary syndrome
Aged >18 years

Onset time <24 hours

Exclusion criteria Received thrombolysis
Unqualified ceramide data
Missing creatinine measurements

Requiring chronic haemodialysis
Intervention details No additional information

Population
subgroups

. Mehran risk score
Risk tool(s)
Mehran risk score includes the following components:
Use of intra-aortic balloon pump
Age

Anaemia

Diabetes mellitus
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Congestive heart failure
Contrast media volume

Hypotension

eGFR
Model Previously developed model
development and
validation
Outcome Acute kidney injury, defined as per KDIGO standard:

Stage 1: elevated serum creatinine level >0.3 mg/dL (26.5 mmol/L) less than 2 days; serum creatinine increase to 1.5-1.9-
fold from the baseline level; urine output<0.5 mL/kg/h for 6—12 h.

Stage 2: serum creatinine increase to 2.0-2.9-fold from the baseline level; urine output<0.5 mL/kg/h for 12 h

Stage 3: serum creatinine concentration >4.0 mg/dL (353.6 mmol/L); serum creatinine increased to>3.0-fold from the
baseline level; urine output<0.3 mL/kg/h for 24 h; anuria for 12 h

Duration of follow- Unclear

up

Indirectness None
Additional None
comments

Study arms

Mehran risk score (N = 842)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size

Heart failure
Killip class =1

Sample size
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)
Number of AKI events

Sample size

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR

FINAL (October 2024)

Study (N = 842)
66.9 (13)

n=222;%=26.4

NR

n=258; % =30.6

n=398;%=47.3

n=487;%=57.8

103.2 (18.71)

n=139; %=16.5
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Outcomes

Acute kidney injury

Outcome Mehran risk score, , N = 842
AUC 0.78 (0.74 t0 0.82)

Mean (95% CI)
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Liu, 2014

Bibliographic Liu YH; Liu Y; Tan N; Chen JY; Chen J; Chen SH; He YT; Ran P; Ye P; Li Y; Predictive value of GRACE risk scores for
Reference contrast-induced acute kidney injury in patients with ST-segment elevation myocardial infarction before undergoing primary
percutaneous coronary intervention.; International urology and nephrology; 2014; vol. 46 (no. 2)

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location China

Study setting General hospital

Study dates March 2010 - October 2011

Sources of funding None reported
Study sample Consecutive patients with ST-elevated myocardial infarction undergoing primary percutaneous coronary intervention
Inclusion criteria Presented within 12 hours of symptom onset
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Exclusion criteria Pregnancy
Allergy to contrast media
Exposure to contrast media within 7 days
Treatment with nephroprotective or nephrotoxic drugs
Severe hepatic insufficiency

Severe chronic disease

Intervention details An interventional team performed primary PCI according to standard clinical practice using standard techniques. Non-ionic
low osmolar contrast media (370 mg I/mL) was used in all cases. Intravenous hydration with an isotonic saline solution (1 or
0.5 ml/kg/h if LVEF was <40% was initiated 6—12 hours before and after exposure to contrast. Use of anti-platelet agents
(aspirin/clopidogrel), beta-adrenergic blocking agents, diuretics, angiotensin-converting enzyme inhibitors, or inotropic drug
support was directed by the coronary care unit cardiologists in accordance with clinical protocols

Contrast Intra-arterial
administration

route

Risk tool(s) GRACE risk score

Previously established 9-variable risk score for the prediction of mortality in patients with STEMI

Mehran risk score

Previously established 8-variable risk score for contrast associated AKI

Model Both previously established models
development and
validation
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Outcome Contrast-associated AKI, defined as an absolute increase in serum creatinine of 20.3 or 20.5 mg/dL, or a 50% increase
within 48—72 hours after contrast exposure

Duration of follow- Unclear

up

Indirectness None
Additional None
comments

Study arms

GRACE risk score (cut-off: >160) (N = 251)

GRACE risk score (<136) (N = 251)

GRACE risk score (136-158) (N = 251)

GRACE risk score (159-180) (N = 251)

GRACE risk score (>180) (N = 251)
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Mehran risk score (N = 251)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Heart failure

Nominal
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)

Study (N = 251)
62.74 (12.27)

n=44;%=17.5

NR

n=54;%=215

NR

n=134 ;% =534

134.4 (49.1)
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Characteristic Study (N = 251)
20.3 definition n=43;%=17.1

Sample size
20.5 definition n=22;%=8.8

Sample size
250% definition nN=19;%=7.6

Sample size

Outcomes

Acute kidney injury

Outcome GRACE risk score GRACE risk score GRACE risk score GRACE risk score
(cut-off: >160), , N = (<136), , N = 251 (136-158), , N =251 (159-180), , N = 251

251

Sensitivity 79.1 NR NR NR
Nominal

Specificity 61 NR NR NR
Nominal

20.3 0.72 NA NA NA
definition

Nominal
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GRACE risk score
(>180), , N = 251
NR

NR

NA
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Mehran risk
score, , N = 251

NR

NR
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Outcome GRACE risk score GRACE risk score GRACE risk score GRACE risk score
(cut-off: >160), , N = (<136), , N = 251 (136-158), , N =251 (159-180), , N = 251

251
20.5 0.79 NA NA NA
definition
Nominal
250% 0.69 NA NA NA
definition
Nominal

Study defines AKI based on three cut-offs in serum creatinine: 20.3, 20.5 mg/dL, or 250%
Sensitivity and specificity for 20.3 mg/dL definition

Dialysis (renal replacement therapy)

Outcome GRACE risk score GRACE risk score GRACE risk score GRACE risk score
(cut-off: >160), , N = (<136), , N =61 (136-158), , N =63 (159-180), , N = 64
251

Numberof n=NA;% =NA n=0;%=0 nN=0;:%=0 n=2;%=3.1
events

No of events
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GRACE risk score Mehran risk
(>180), , N = 251 score, , N = 251

NA 0.84

NA 0.69

GRACE risk score Mehran risk
(>180), , N =63 score, , N = 251

n=4:%=6.3 n=NA;%=NA
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In-hospital mortality

Outcome GRACE risk score GRACE risk score GRACE risk score GRACE risk score GRACE risk score Mehran risk
(cut-off: >160), , N = (<136), , N =61 (136-158), , N=63 (159-180),, N=64 (>180),, N=63 score, , N = 251
251

Numberof n=NA;% =NA n=0;%=0 n=2:;:%=3.2 n=2;%=3.1 nN=6:;%=95 n=NA;%=NA

events

No of events
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Liu, 2020

Bibliographic Liu, Liwei; Liu, Jin; Lei, Li; Wang, Bo; Sun, Guoli; Guo, Zhaodong; He, Yibo; Song, Feier; Lun, Zhubin; Liu, Bowen; Chen,

Reference Guanzhong; Chen, Shiqun; Yang, Yongquan; Liu, Yong; Chen, Jiyan; A prediction model of contrast-associated acute kidney
injury in patients with hypoalbuminemia undergoing coronary angiography.; BMC cardiovascular disorders; 2020; vol. 20 (no.
1); 399

Study details

No additional information
Secondary

publication of

another included

study- see primary

study for details

Other publications No additional information

associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location China

Study setting Provincial People's Hospital
Study dates January 2010 - October 2012

Sources of funding Supported by the Beijing Lisheng Cardiovascular Pilot Foundation and the National Science Foundation of China
Study sample Patients with hypoalbuminemia who were were undergoing coronary angiography or percutaneous coronary intervention
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Inclusion criteria  Aged =18 years

Hypoalbuminemia (serum albumin <3.5 g/L)
Exclusion criteria Lactating or pregnant

Intravascular injection of contrast agents within 7 days, or 3 days post procedure
No use of isotonic saline for hydration

No use of low-osmolarity contrast

Cardiac surgery or endovascular repair therapy

End-stage kidney disease

On renal replacement therapy

Malignancy

Missing pre-operative creatinine measurement

Intervention details During the operation, standard guidewires, catheters, and stents and the dose of contrast were used and determined by the
interventional cardiologist. All procedures were performed according to the guidelines of the American Heart
Association/American College of Cardiology Foundation. Each patient received intravenous hydration of isotonic saline with
a rate of 1 mL/kg per hour for at least 2 to 12 hours before and 6 to 24 hours after the procedure, while 0.5 mL/kg per hour
was used in cases of severe congestive heart failure or left ventricular ejection fraction <40%

Risk tool(s) Study-developed nomogram

Study-developed model containing the following variables (score range from 0-300, with risk of AKI occurring increasing on
a logarithmic scale from 0.01 at 50 points, to 0.8 at ~275 points):

eGFR
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Age
Albumin

IABP

Mehran risk score

Previously developed model containing 8 variables:
Age >75 years

Hypotension

IABP

CKD (eGFR <60)

CHF

Diabetes

Anaemia

Contrast volume

Model The associations between contrast associated-AKI and variables in the development cohort were assessed by univariable
development and logistic analysis. Collinearity between variables was evaluated. Variables were included in the multivariable analysis using a
validation cut-off of P <0.05 in univariate logistics regression. Backward stepwise regression was conducted to select factors and

develop the final model. The regression coefficient of each variable in the model was transformed into a 0 to 100 point
scale. The total points were calculated by adding points of each variable and then turned into predicted probabilities. An
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ROC curve and AUC were used to assess the discrimination of the nomogram in both the development and validation
cohorts compared to the Mehran score. Internal validation was analyzed using 1000 bootstrap samples.

Outcome Contrast associated AKI, defined as: increase of 20.3 mg/dL or 50% in serum creatinine compared to baseline in the 48 to
72 hours post procedure

Duration of follow- Yearly follow-up until 2019 (maximum of 9 years)

up

Indirectness None
Additional None
comments

Study arms

Study-developed nomogram (N = 428)

Mehran risk score (N = 428)

Characteristics

Study-level characteristics

Characteristic Study (N = 428)
Mean age (SD) 65.96 (11.02)
Mean (SD)
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Characteristic
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Heart failure

Sample size
Hypertension

Sample size

Contrast volume (ml)

Mean (SD)

Number of AKI events

Sample size
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Study (N = 428)
n=82;%=19.2

NR

Nn=96; %=22.5

n=87;:%=204

n=250; % =58.5

131.97 (63.4)

n=48;%=11.2

135



Outcomes
Acute kidney injury

Outcome Study-developed nomogram , , N = 428 Mehran risk score , , N = 428
AUC 0.76 (0.69 to 0.83) 0.69 (0.61 t0 0.78)

Mean (95% CI)
Hosmer-Lemeshow 11.27 (0.19) NR (NR)

Mean (p value)
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Liu, 2020

Bibliographic Liu, Yong; Chen, Shiqun; Ye, Jianfeng; Xian, Ying; Wang, Xia; Xuan, Jianwei; Tan, Ning; Li, Qiang; Chen, Jiyan; Ni,
Reference Zhonghan; Random forest for prediction of contrast-induced nephropathy following coronary angiography.; The international
journal of cardiovascular imaging; 2020; vol. 36 (no. 6); 983-991

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / NCT01400295

registration

number

Study type Prospective cohort study

Study location China

Study setting Cardiovascular institute of a hospital
Study dates January 2010 - December 2013

Sources of funding Funded by The Guangdong Provincial Cardiovascular Clinical Medicine Research Fund, Science and Technology Planning
Project of Guangdong Province, and Cardiovascular Research Foundation Project of the Chinese Medical Doctor
Association
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Study sample Consecutive patients undergoing percutaneous coronary intervention (PCI) or coronary angiogram (CAG)
Inclusion criteria  Aged =18 years
Exclusion criteria Pregnant or lactating

Intravascular administration of contrast within 7 days, or 3 days post-operatively
Did not receive contrast media

Underwent cardiovascular surgery or endovascular repair

End stage renal disease or on renal replacement therapy

Missing creatinine or weight data

Malignancy

Did not receive isotonic saline for hydration

Intervention details CAG or PCI was performed as per operator preference. The type of contrast media (lopamiron or Ultravist), contrast dose,
and hydration protocols were also decided by the interventional cardiologist

Population
subgroups

. Study-developed model
Risk tool(s)
The full model contained the following parameters:
Pre-procedural therapy

Thrombolysis

Cardio-pulmonary resuscitation
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Medical history

Prior myocardial infarction
Diabetes mellitus

Prior CABG

Hypertension
Hyperlipidaemia

Anaemia

Patient characteristics
Age

Sex

Weight

Smoking status

Patient presentation
Acute myocardial infarction
NYHA class

LVEF
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Heart rate

Systolic BP

Diastolic BP

IABP

Hypotension

Emergent PCI
Pre-procedural laboratory assessments
Serum creatinine
Creatine kinase MB
B-type natriuretic peptide
HS-CRP

HDL-C

Cholesterol

Triglycerides

LDL-C

Calcium
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Sodium

Potassium

Fasting plasma glucose
HbA1c

Uric acid

Urine pH

Serum albumin

Hb

Haematocrit

Serum urea nitrogen

Study-developed reduced model

The reduced model contained the following parameters:
Age

LVEF

Heart rate
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Systolic BP

Serum creatinine
Creatine kinase MB
B-type natriuretic peptide
Potassium

Uric acid

Serum albumin

Hb

Haematocrit

Serum urea nitrogen

Mehran risk score

No information reported

Model Models were developed using a random forest method. The study cohort was randomly divided into training (70%, n=2428)
development and and validation datasets (30%, n=1041). A random forest regression model was trained to predict CIN using the 40 pre-
validation procedural baseline clinical variables. To facilitate the development of an easy-to-use bedside tool, a reduced model was

trained using only the 13 most important predictors as assessed by an incremental decrease in node impurity
Outcome Contrast induced nephropathy, defined as: increase in serum creatinine 20.5 mg/dL

Duration of follow- Unclear
up
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Indirectness None

Additional None
comments

Study arms

Study-developed model (N = 1041)

Study-developed reduced model (N = 1041)

Mehran risk score (N = 1041)

ACEF score (N =1041)

Characteristics

Study-level characteristics

Characteristic Study (N = 2428)
Mean age (SD) 62.82 (11.24)
Mean (SD)
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Characteristic
% Female

Nominal
Ethnicity

Nominal
Diabetes

Nominal
Heart failure

Nominal

Hypertension (mmHg)
Systolic BP

Mean (SD)
Contrast volume

Nominal
Number of AKI events

Sample size

Study (N = 2428)
NR

NR

NR

NR

128.87 (20.6)

NR

n=37;%=35

Characteristics of the training cohort - data not reported for the validation cohort
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Outcomes

Acute kidney injury
Outcome Study-developed model,, N= Study-developed reduced model, , N= Mehranrisk score,, N= ACEF score,, N =

1041 1041 1041 1041
AUC 0.86 (0.79 to 0.92) 0.85 (0.8 to 0.91) 0.79 (0.72 to 0.86) 0.76 (0.68 to 0.85)

Mean (95%
Cl)
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Lu, 2016

Bibliographic Lu, T.-M.; Hsu, C.-P.; Chang, C.-F.; Lin, C.-C.; Lee, T.-S; Lin, S.-J.; Chan, W.-L.; Asymmetric dimethylarginine predicts the
Reference risk of contrast-induced acute kidney injury in patients undergoing cardiac catheterization; Atherosclerosis; 2016; vol. 254;
161-166

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information

registration

number

Study type Prospective cohort study

Study location Taipei

Study setting Hospital

Study dates Not reported

Sources of funding Supported by grants from the National Science Council

Study sample Consecutive patients referred for coronary angiography for investigation of chest pain and/or suspected coronary artery
disease
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Inclusion criteria  None specified
Exclusion criteria Severe liver disease

Sepsis/active infectious disease
Malignancy with life expectancy <1 year
Hyperthyroidism

Unstable haemodynamic status

Renal artery stenosis

Exposure to contrast medium within 2 days

Intervention details Patients were pre-treated with intravenous infusion of 0.9% saline hydration (1.0 ml/kg per hour for 12 h before the
procedure) and oral administration of N-acetylcysteine (600 mg twice a day, administered the day before and on the day of
contrast medium exposure). Diagnostic coronary angiography, left ventriculography and percutaneous coronary intervention
were performed by a standard procedure using low-osmolar contrast media (iopromide or iohexol) or iso-osmolar contrast
medium (iodixanol) at the discretion of operators and/or patients. Revascularization procedures including percutaneous
coronary intervention and coronary artery bypass surgery, were performed successfully in all patients with significant CAD
(250% stenosis in at least one major coronary artery)

Population
subgroups

. Mehran risk score
Risk tool(s)

The Mehran score for predicting CI-AKI was calculated according to the following algorithm:

Hypotension (integer score, 5)

Support with intra-aortic balloon pump (integer score, 5)
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Congestive heart failure (integer score, 5)

Age >75 years (integer score, 4)

Pre-existing anaemia (baseline haematocrit <39% for men and <36% for women, integer score, 3
Diabetes (integer score, 3)

Contrast medium volume (integer score 1 for every 100 ml)

eGFR <60 ml/min per 1.73 m2 (integer score, 2 to 6)

Model Previously established model

development and

validation

Outcome Contrast-induced acute kidney injury was defined as: increase of serum creatinine concentration of =0.3 mg/dl or a 25%

increase from the baseline value measured at 48 h after exposure to contrast media
Duration of follow- Monthly follow-up with unclear duration

up

Indirectness None
Additional None
comments

Study arms

Mehran risk score (cut-off: >7) (N = 664)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Heart failure

Sample size
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)
Number of AKI events

Sample size

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR

FINAL (October 2024)

Study (N = 664)
67 (12)

n=119; % =20.9

NR

n=240; % = 36.1

n=157;%=24.4

n=490; % =76.1

182.6 (115.6)

nN=78;%=11.7
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Outcomes

Acute kidney injury

Outcome
Sensitivity

Nominal
Specificity

Nominal
AUC

Mean (95% CI)
PPV

Nominal
NPV

Nominal
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Mehran risk score (cut-off: >7), , N = 644
64.1

54.9

0.62 (0.58 to 0.65)

15.9

92
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Seibert, 2020

Bibliographic Seibert, Felix S; Heringhaus, Anja; Pagonas, Nikolaos; Rudolf, Henrik; Rohn, Benjamin; Bauer, Frederic; Timmesfeld, Nina;
Reference Trappe, Hans-Joachim; Babel, Nina; Westhoff, Timm H; Biomarkers in the prediction of contrast media induced nephropathy -
the BITCOIN study.; PloS one; 2020; vol. 15 (no. 7); e0234921

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / The BITCOIN study
registration

number

Study type Prospective cohort study
Study location Germany

Study setting Hospital

Study dates No additional information

Sources of funding Funded by the German Research Foundation
Study sample Patients with an indication for a coronary angiography
Inclusion criteria  None specified
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Exclusion criteria Acute hemodynamic shock,
Obstructive uropathy
Urothelial carcinoma
Metastatic cancer

Leukocyturia in semi-quantitative dipstick examination >1

Intervention details Coronary angiographies were performed via radial or femoral arteries. Preventive plasma expansion was performed
according to physicians’ assessment

Population
subgroups

Risk tool(s) Inohara risk model
Previously developed model that contains the following variables (score for each in brackets):
Age
<50 (0)
51-59 (1)
60-69 (2)
70-79 (3)
80-89 (4)

90-99 (5)
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NYHA Il or IV (3)

Diabetes mellitus (2)
Previous PCI (-3)
Hypertension (2)
Pre-creatinine >1.0 mg/dL (4)

Acute coronary syndrome (5)

Ghani risk model

Previously developed model that contains the following variables (score for each in brackets):
Basal creatinine 2115 micromol/L (7)

Shock (3)

Female gender (2)

Multiple vessel stenting (2)

Diabetes mellitus (2)

Model Previously developed models

development and

validation

Outcome Acute kidney injury defined as per AKIN criteria
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Duration of follow- 48-72 hours
up

Indirectness None
Additional None
comments

Study arms

Inohara risk model (N = 490)

Ghani risk model (N = 490)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Median (IQR)
% Female

Sample size
Ethnicity

Study (N = 490)
66 (57 to 73)

n=127; % =25.9

NR
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Characteristic Study (N = 490)
Nominal

Diabetes n=126; % =257
Sample size

Heart failure NR

Nominal

Hypertension n=2386;%=78.8
Sample size

Contrast volume (ml) 80 (60 to 120)
Median (IQR)

Number of AKI events n=30;%=6.1
Sample size

Outcomes

Acute kidney injury

Outcome Inohara risk model, , N = 490 Ghani risk model, , N =490
AUC 0.68 (0.6 to 0.76) 0.57 (0.46 to 0.67)

Mean (95% ClI)
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Serif, 2020

Bibliographic Serif, L.; Chalikias, G.; Didagelos, M.; Stakos, D.; Kikas, P.; Thomaidis, A.; Lantzouraki, A.; Ziakas, A.; Tziakas, D.;
Reference Application of 17 Contrast-Induced Acute Kidney Injury Risk Prediction Models; CardioRenal Medicine; 2020; vol. 10 (no. 3);
162-174
Study details
No additional information
Secondary

publication of
another included
study- see primary
study for details

Other publications Includes risk scores from the following papers (not all included in the present review, mainly due to being retrospective

associated with cohort study designs):

this study included

in review Brown et al., (2015) Acute Kidney Injury Risk Prediction in Patients Undergoing Coronary Angiography in a National
Veterans Health Administration Cohort With External Validation. https://doi.org/10.1161/JAHA.115.002136

Tsai et al., (2014) Validated contemporary risk model of acute kidney injury in patients undergoing percutaneous coronary
interventions: insights from the National Cardiovascular Data Registry Cath-PCI Registry.
https://doi.org/10.1161/JAHA.114.001380

Gurm et al., (2013) A Novel Tool for Reliable and Accurate Prediction of Renal Complications in Patients Undergoing
Percutaneous Coronary Intervention. https://doi.org/10.1016/j.jacc.2013.03.026.

Caspi et al., (2017) Acute Kidney Injury After Primary Angioplasty: Is Contrast-Induced Nephropathy the Culprit?
https://doi.org/10.1161/JAHA.117.005715
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Victor et al., (2014) Risk scoring system to predict contrast induced nephropathy following percutaneous coronary
intervention. https://doi.org/10.1016/j.ihj.2014.05.025

Maioli et al., (2010) Preprocedural score for risk of contrast-induced nephropathy in elective coronary angiography and
intervention. DOI: 10.2459/JCM.0b013e328335227¢

Marenzi et al., (2004) Contrast-induced nephropathy in patients undergoing primary angioplasty for acute myocardial
infarction. https://doi.org/10.1016/j.jacc.2004.07.043

Liu et al., (2015) Preprocedural N-Terminal Pro-Brain Natriuretic Peptide (NT-proBNP) Is Similar to the Mehran Contrast-
Induced Nephropathy (CIN) Score in Predicting CIN Following Elective Coronary Angiography.
https://doi.org/10.1161/JAHA.114.001410

Gao et al., (2014) Derivation and validation of a risk score for contrast-induced nephropathy after cardiac catheterization in
Chinese patients. DOI: 10.1007/s10157-014-0942-9

Fu et al., (2012) Risk Score for the Prediction of Contrast-Induced Nephropathy in Elderly Patients Undergoing
Percutaneous Coronary Intervention. https://doi.org/10.1177/0003319712467224

Chen et al., (2014) A simple preprocedural score for risk of contrast-induced acute kidney injury after percutaneous
coronary intervention. DOI: 10.1002/ccd.25109

Ghani et al., (2009) Risk score for contrast induced nephropathy following percutaneous coronary intervention.

Bartholomew et al., (2004) Impact of nephropathy after percutaneous coronary intervention and a method for risk
stratification. https://doi.org/10.1016/j.amjcard.2004.03.008

Mehran et al., (2004) A simple risk score for prediction of contrast-induced nephropathy after percutaneous coronary
intervention: Development and initial validation. https://doi.org/10.1016/j.jacc.2004.06.068
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Tziakas et al., (2013) Development of an easily applicable risk score model for contrast-induced nephropathy prediction
after percutaneous coronary intervention. A novel approach tailored to current practice.
https://doi.org/10.1016/j.ijcard.2011.05.079

Ando et al., (2013) Age, glomerular filtration rate, ejection fraction, and the AGEF score predict contrast-induced
nephropathy in patients with acute myocardial infarction undergoing primary percutaneous coronary intervention.
https://doi.org/10.1002/ccd.25023

McCullough et al., (1997) Acute Renal Failure After Coronary Intervention. Incidence, Risk Factors, and Relationship to
Mortality. https://doi.org/10.1016/S0002-9343(97)00150-2

Trial name / No additional information
registration

number

Study type Prospective cohort study

Study location Greece

Study setting Cardiac catheterisation laboratory
Study dates January 2015 - August 2018

Sources of funding None

Study sample Consecutive patients treated with percutaneous coronary intervention on an elective or emergency basis
Inclusion criteria  None specified

Exclusion criteria  Chronic peritoneal or haemodialytic treatment

Died during hospitalisation

Undergoing coronary artery bypass grafting
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Intervention details No additional information

Risk tool(s) This study compared 17 previously developed risk prediction tools. The number of predictors in each tool varied from 3 to
15.:

McCullough

Impaired renal function
Diabetes mellitus

Contrast volume
Bartholomew

Impaired renal function
Diabetes mellitus
Hypertension

Heart failure

Peripheral vascular disease
Use of IABP

Procedure urgent/emergent
Contrast volume

Marenzi
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Age

Use of IABP
Anterior Ml

Time to reperfusion
Contrast volume
Mehran

Age

Impaired renal function
Anaemia

Diabetes mellitus
Heart failure
Hypotension

Use of IABP
Contrast volume
Ghani

Female sex
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Impaired renal function
Diabetes mellitus

Shock

Multivessel PCI

Maioli

Age

Impaired renal function
Diabetes mellitus

Impaired LVEF

Recent cardiac procedure/PCI
One procedure in past 72 hours
Pre-procedure creatinine > baseline creatinine
Fu

Age

Impaired renal function

Anaemia

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)
161



Diabetes mellitus
Impaired LVEF
Previous Ml
Hypotension
Procedure urgent/emergent
Contrast volume
Gurm

Age

Height

Weight

Impaired renal function
Diabetes mellitus
Heart failure

Shock

CAD presentation

Procedure urgent/emergent
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PCI indication

HDL <1 mmol/L

CK-MB

Haemoglobin

Troponin |

Troponin Il

Tsiakas

Impaired renal function
Recent cardiac procedure/PCI
Peripheral vascular disease
Metformin use

Contrast volume

Ando

Age

Impaired LVEF

Pre-procedure creatinine > baseline creatinine
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Chen

Age

Impaired renal function
Anaemia

Diabetes mellitus

Impaired LVEF

Previous Ml

Hypotension

Procedure urgent/emergent
HDL <1 mmol/L

Victor

Impaired renal function
Diabetes mellitus
Peripheral vascular disease
Hypotension

Contrast volume
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Albuminuria
Haemoglobin

Gao

Age

Impaired renal function
Hypertension

Heart failure

Previous MI

Use of IABP

Contrast volume

Tsai

Age

Impaired renal function
Anaemia

Diabetes mellitus

Heart failure
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Stroke

Cardiac arrest

Shock

CAD presentation

Use of IABP

Killip class

Liu

Age

Impaired renal function
Impaired LVEF

Brown

Age

Race

Impaired renal function
Anaemia

Diabetes mellitus
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Hypertension
Heart failure

Impaired LVEF

Recent cardiac procedure/PCI

Peripheral vascular disease
Smoking

Shock

CAD presentation
Procedure urgent/emergent
Caspi

Age

Impaired renal function
Diabetes mellitus

Impaired LVEF

Anterior Ml

Killip class

Diuretic therapy
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Model All models were previously developed in other studies
development and
validation

Outcome Contrast-induced acute kidney injury was given two definitions:
Liberal criterion: increase of 225% or 20.5 mg/dl in pre-PCIl serum creatinine at 48 h to 72 h post PCI

Strict criterion: increase of 20.5 mg/dl in pre-PCl serum creatinine at 48 h to 72 h post PCI

Duration of follow- 72 hours

up

Indirectness None
Additional None
comments

Study arms

Brown risk score (N = 1247)

Tsai risk score (N = 1247)

Gurm risk score (N = 1247)

Caspi risk score (N =1247)
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Victor risk score (N = 1247)

Maioli risk score (N = 1247)

Marenzi risk score (N = 1247)

Liu risk score (N = 1247)

Gao risk score (N = 1247)

Fu risk score (N = 1247)

Chen risk score (N = 1247)

Ghani risk score (N = 1247)
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Bartholomew risk score (N = 1247)

Mehran risk score (N = 1247)

Tziakas risk score (N = 1247)

Ando risk score (N = 1247)

McCullough risk score (N = 1247)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
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Study (N = 1247)
62 (10)

n=238;%=19

170



Characteristic
Ethnicity

Nominal
Diabetes

Sample size
Class |

Sample size
Class Il

Sample size
Class Il

Sample size
Class IV

Sample size
Hypertension

Sample size
Contrast volume (ml)

Mean (SD)
Liberal definition

Sample size

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR

FINAL (October 2024)

Study (N = 1247)
NR

n =400 ; % = 32

n=1060; % = 85

n=133; % =10.5

n=49;%=4
n=5;%=05
n=678; % = 54
332 (165)

n=206; %=16.5
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Characteristic Study (N = 1247)
Strict definition nN=24;%=1.9

Sample size

Outcomes

Acute kidney injury (liberal definition)

Outcome Brow Tsai Gur Casp Victo Maiol Maren Liu Gao Fu Chen Ghan Bartholome Mehra Tziaka Ando

nrisk risk m irisk rrisk irisk zirisk risk risk risk risk irisk wrisk

nrisk srisk risk

score score risk scor scor scor score, score scor scor score scor score,, N= score, score, score

,,N=,,N=scor e,,Ne,,Ne,,N,N= , , N=e,,Ne,N,,N=¢e, ,N 1247
1247 1247 e,,N = = = 1247 1247 = = 1247 =

= 1247 1247 1247 1247 1247 1247
1247

!N= !N= ,!N=
1247 1247 1247

AUC 052 051 054 053 054 058 055 052 049 05 048 051 0.49(045t0 053 0.5 0.54

(0.47 (049 (0.51 (0.51 (0.5 (0.56 (0.51 (0.48 (0.45 (0.46 (0.43 (0.47 0.54)

Mean to to to to to to to to to to to to

(95% CI) 0.56) 0.54) 0.57) 0.56) 0.59) 0.61) 0.59) 0.57) 0.53) 0.54) 0.52) 0.595)
PPV 188 228 191 188 205 30.2 18.8 191 182 171 215 201 17
Nominal

NPV 851 84.7 858 856 852 85.7 859 845 848 94 848 84 85.7
Nominal

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)

(0.48 (0.46 (0.5
to to to
0.57) 0.55) 0.59)

189 175 20

846 839 854

172

McCullou
gh risk
score, , N
= 1247

0.58 (0.54
to 0.62)

20.4

88.1



Outcome Brow Tsai
n risk risk
score score
1 N = 1 N =
1247 1247

Hosmer- 0.35 17.07

Lemesho (0.31) (0.02

w 9)

Mean (p

value)

Calibratio 0.39 0.25

n slope

Nominal

Gur
m
risk

= scor

e,,N

1247

Casp Victo Maiol Maren
i risk rrisk irisk zirisk
SCOr scor scor score,
e,,Ne,Ne,N

= = 1247

, N=

1247 1247 1247

11.76 3.16 3.72 6.05 0.13

(0.16) (0.53) (0.16) (0.11) (0.94)

0.11
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AUC

Mean
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Outcome Brow Tsai Gurm Casp Victo Maiol Maren Liu Gao Fu Chen Ghan Bartholome Mehra Tziaka Ando McCullou
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PPV 35 38 1.1 3 22 33 25 33 26 3.1 23 36 28 2.9 3 48 25
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NPV 99.2 992 975 993 989 99.7 987 986 100 98.7 989 98.3 98.7 99.3 983 988 995
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value)
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Nominal
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Sgura, 2010

Bibliographic Sgura, Fabio A.; Bertelli, Luca; Monopoli, Daniel; Leuzzi, Chiara; Guerri, Elisa; Sparta, llaria; Politi, Luigi; Aprile, Alessandro;

Reference Amato, Andrea; Rossi, Rosario; Biondi-Zoccai, Giuseppe; Sangiorgi, Giuseppe M.; Modena, Maria G.; Mehran Contrast-
Induced Nephropathy Risk Score Predicts Short- and Long-Term Clinical Outcomes in Patients With ST-Elevation—Myocardial
Infarction; Circulation: Cardiovascular Interventions; 2010; vol. 3 (no. 5); 491-498

Study details

No additional information
Secondary

publication of

another included

study- see primary

study for details

Other publications No additional information

associated with
this study included

in review

Trial name / No additional information

registration

number

Study type Prospective cohort study

Study location Italy

Study setting Outpatient clinic of the cardiology department
Study dates 2002 - 2008

Sources of funding None reported
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Study sample Consecutive patients admitted to a coronary care unit for ST-elevation myocardial infarction who were treated with
percutaneous coronary intervention (PCI)

Inclusion criteria  Presented within 12 hours of symptom onset

Exclusion criteria  Chronic peritoneal or haemodialysis treatment

Cardiogenic shock

Intervention details Hydration was not routinely performed by the ambulance, helicopter, or emergency room medical staff before arrival in the
catheterization laboratory. After contrast exposure, all patients underwent the following hydration protocol: physiological
(0.9%) saline was given intravenously at a rate of 1 mL/kg per hour for 12 hours in patients with left ventricular dysfunction
(ejection fraction <30%) or overt heart failure; hydration rate was reduced to 0.5 mL/kg per hour. A combination prophylaxis
with N-acetylcysteine and NaHCO3 was administered from the beginning of the procedure, according to the ejection
fraction values and Killip class. The use of beta-adrenergic— blocking agents, angiotensin-converting enzyme inhibitors,
diuretics, or the indication to intra-aortic balloon pump or inotropic drugs support was left to the discretion of the
interventional and coronary care unit cardiologists, An echocardiographic evaluation was performed in all patients before
the procedure to assess wall motion abnormalities and ejection fraction.

Primary PCI was performed by an interventional team, according to standard clinical practice. All patients received a
loading dose of 300 mg of clopidogrel, in combination with 100 mg of acetylsalicylic acid. After sheath insertion, a heparin
bolus at a dose of 70 U/kg, followed by an additional bolus during the procedure to maintain activated clotting time >300
seconds if deemed necessary, and an intravenous bolus and an infusion of platelet glycoprotein llb/llla receptor inhibitors
were administered. Contrast type and dose and supportive pharmacological therapies were left to the discretion of the
interventional cardiologist

Population
subgroups

. Mehran risk score
Risk tool(s)

The Mehran risk score includes 8 clinical and procedural variables (score per variable in brackets):
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age 275 years (4)
Hypotension (5)

Congestive heart failure (5)
Intra-aortic balloon pump (5)
eGFR

<20 (6)

20-40 (4)

40-60 (2)

Diabetes (3)

Anaemia (3)

Volume of contrast (1 per 100 CC)

The risk score can be broken down into four categories, indicating the risk of CA-AKI
Low (<5)
Medium (6-10)

High (11-16)
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Very high (=216)

Marenzi risk score

The Marenzi risk score is composed of 5 variables:
Age 275 years

Anterior AMI

Time to reperfusion =6 hours

Contrast agent volume =300 mL

Use of intra-aortic balloon pump

A value of 1 was assigned when a factor was present and 0 when it was absent. For each patient, the score was calculated
as the sum of the number of variables (range, 0 to 5)

Model Both previously developed models

development and

validation

Outcome Contrast induced nephropathy was defined as: 0.5 mg/dL (44 mmol/L) increase in serum creatinine or 25% increase

compared with baseline values within 48 hours of the procedure
Duration of follow- Yearly follow-ups - duration not specified

up

Indirectness None
Additional None
comments
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Study arms

Mehran risk score (N = 891)

Marenzi risk score (N = 891)

Mehran risk score (medium risk) (N = 217)

Mehran risk score (high risk) (N = 83)

Mehran risk score (very high risk) (N = 29)

Characteristics

Study-level characteristics

Characteristic Study (N = 891)
Mean age (SD) 63.9 (13.1)
Mean (SD)
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Characteristic
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Killip class 2

Sample size
Killip class 3

Sample size
Hypertension

Sample size

Contrast volume (ml)

Mean (SD)

Number of AKI events

Sample size
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Study (N = 891)
n=369; % =224

NR

n=128;%=14.4

n=123;%=13.8

n=41;%=4.6

n=408; % =45.8

216.1 (88.5)

n=126; % =14.1
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Outcomes

Acute kidney injury

Outcome  Mehran risk score, Marenzi risk score, Mehran risk score (medium Mehran risk score (high Mehran risk score (very

, N=891 , N =891 risk), , N=NA risk), , N = NA
AUC 0.57 (0.5210 0.62) 0.57 (0.51t00.62) NA (NA to NA) NA (NA to NA)
Mean (95%
Cl)
Mortality
Outcome Mehran risk Marenzi risk Mehran risk score Mehran risk score
score, , N = 891 score, , N = 891 (medium risk), , N=217 (highrisk),, N =83
AUC 0.74 (0.5910 0.79) 0.6 (0.55t00.65) NA (NAto NA) NA (NA to NA)

Mean (95% ClI)

Hazard ratio NA (NA to NA) NA (NA to NA) 3.61 (2.19 t0 5.98) 8 (4.53 t0 14.13)
Low risk used as
referent value

Mean (95% CI)
Hazard ratio - Polarity - Lower values are better
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NA (NA to NA)

Mehran risk score (very
high risk), , N =29

NA (NA to NA)

15.29 (8.11 to 28.83)



Tziakas, 2013

Bibliographic Tziakas, Dimitrios; Chalikias, Georgios; Stakos, Dimitrios; Apostolakis, Stavros; Adina, Thomaidi; Kikas, Petros; Alexoudis,

Reference Apostolos; Passadakis, Ploumis; Thodis, Elias; Vargemezis, Vassilis; Konstantinides, Stavros; Development of an easily
applicable risk score model for contrast-induced nephropathy prediction after percutaneous coronary intervention: A novel
approach tailored to current practice; International Journal of Cardiology; 2013; vol. 163 (no. 1); 46-55

Study details

No additional information
Secondary

publication of

another included

study- see primary

study for details

Other publications No additional information

associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study

Study location Greece

Study setting Cardiac catheterisation laboratory
Study dates September 2008 - January 2010

Sources of funding No additional information
Study sample Consecutive patients treated with percutaneous coronary intervention on an elective or emergency basis
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Inclusion criteria

Exclusion criteria

Intervention details

Risk tool(s)

None reported
On chronic peritoneal or haemodialytic treatment

Died during hospitalisation
Undergoing coronary artery bypass grafting
Treated with repeated PCI within a week of the initial procedure

End-stage renal disease

Patients underwent PCI according to current guidelines. Routine hydration was performed with 1 ml/kg/h of normal (0.9%)
saline for 18-24 hours before PCI and 18 to 24 hours post procedure. In patients with reduced left ventricular ejection
fraction (<40%), presence of significant valvular disease or overt heart failure upon presentation, the hydration rate was
reduced to 0.5 ml/kg/h. Metformin was withheld for 48 hours prior to the procedure (for elective cases) and for 48 hours
post PCI (all cases). The use of N-acetylcysteine, platelet glycoprotein llb/llla receptor inhibitors, and the indication to intra-
aortic balloon pump or intravenous inotropic support, was left to the discretion of the interventional cardiologists. . A non-
ionic, low-osmolarity contrast agent, ioversol, was used for all procedures.

Mehran risk score

Risk score comprised of the following variables (score range from 0-35):
Hypotension

IABP

Chronic heart failure

Age >75 years

Anaemia
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Diabetes mellitus
Volume of contrast

Baseline serum creatinine >1.5 mg/dL

Bartholomew risk score

Risk score comprised of the following variables (score range from 0-11):
eGFR <60 ml/min

IABP

Urgent/emergency procedure

Diabetes mellitus

Congestive heart failure

Hypertension

Peripheral vascular disease

Contrast volume >260 mL

Study-developed risk score
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Risk score comprised of the following variables (score range from 0-8, score per variable in brackets):
Pre-existing renal disease (2)

Metformin (2)

History of previous PCI (1)

Peripheral artery disease (1)

Contrast volume 2300 mL (1)

Model Mehran risk score
development and
validation Previously developed model

Bartholomew risk score

Previously developed risk score

Study-developed risk score

Fifty-seven demographic, clinical, angiographic and procedural variables were examined in univariate analysis. Thirteen
variables with a significant association with contrast induced nephropathy were incorporated in a multivariate model. Using
the significant variables on multivariate analysis, a risk scoring system was developed. An integer score of 1 was assigned
per 1.000 beta value, resulting in a weighted scoring system containing the variables listed above. This model was initially
validated through bootstrapping of 1000 samples, then validated externally using 200 patients undergoing PCI.

Outcome Contrast induced nephropathy, defined as an increase of 225% or 20.5 mg/dl in pre-PCIl serum creatinine at 48 hours post
procedure
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Duration of follow- 7 days

up

Indirectness None
Additional None
comments

Study arms

Mehran risk score (N = 488)

Bartholomew risk score (N = 488)

Study-developed risk score (cut-off: >3) (N = 200)

Characteristics

Study-level characteristics

Characteristic Study (N = 200)
Number of AKI events n=28;% =14
Sample size
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Arm-level characteristics

Characteristic Mehran risk score (N = 488) Bartholomew risk score (N = 488) Study-developed risk score (cut-off: >3) (N = 200)
Mean age (SD 64 (11
ge (SD) () 64 (11) 61 (12)

Mean (SD)
% Female n=128; % =26

n=128; % =26 n=36;%=18
Sample size
Ethnicity NR

NR NR
Nominal
Diabetes n=154;% =32

n=154; % =32 nN=75;% =38
Sample size
Heart failure n=58;%=12

n=58;%=12 Nn=32;%=16
Sample size
Hypertension n=282; % =258

n=282;% =58 nN=148;% =74
Sample size

Contrast volume (ml) 277 (118)
277 (118) 272 (91)

Mean (SD)
Characteristics of the validation cohort (n=200) and development cohort (n=488)
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Outcomes
Acute kidney injury
Outcome

AUC

Mean (95% ClI)
PPV

Nominal
NPV

Nominal

Calibration slope
Optimism corrected based on 1000 bootstrap sample
of the development cohort

Nominal

Mehran risk score,, Bartholomew risk score,, Study-developed risk score (cut-

N = 488
0.59 (0.55 to 0.64)

NR

NR

NR

N = 488
0.58 (0.54 to 0.63)

NR

NR

NR
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off: >3), , N = 200
0.86 (0.8 to 0.93)

83

92

0.88
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Victor, 2014

Bibliographic Victor, Suma M.; Gnanaraj, Anand; S., VijayaKumar; Deshmukh, Rajendra; Kandasamy, Mani; Janakiraman, Ezhilan;
Reference Pandurangi, Ulhas M.; Latchumanadhas, K.; Abraham, Georgi; Mullasari, Ajit S.; Risk scoring system to predict contrast
induced nephropathy following percutaneous coronary intervention; Indian Heart Journal; 2014; vol. 66 (no. 5); 517-524

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location India

Study setting Tertiary cardiac referral centre
Study dates March 2008 - December 2011

Sources of funding None reported
Study sample Consecutive patients undergoing PCI
Inclusion criteria Indian
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Exclusion criteria PCI performed within 2 weeks of coronary angiogram (exposed to contrast within 2 weeks)
On regular dialysis
Acute renal failure before PCI
Cardiogenic shock
Required IABP support

Developed PCl-related complications

Intervention details All patients underwent PCI using non-ionic contrast media. All patients with raised creatinine levels were given hydration
with half normal saline (1 ml/kg/h starting from 4 hours before and continued till 24 hours after the exposure to contrast
media) and N-acetylcysteine (600 mg twice daily 1 day before and for 2 days post procedure). All patients received dual
anti platelets and a statin in recommended doses.

Contrast Intra-arterial

administration

route

Risk tool(s) Study-developed risk score

Equation that predicts the likelihood of contrast induced nephropathy, containing the following variables:
GFR

Amount of contrast

Haemoglobin

Diabetic microangiography
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Hypotension
Albuminuria

Peripheral vascular disease

Model The baseline clinical, laboratory and procedural characteristics of the patients in the development set (n=900) were studied
development and using univariate analysis to identify individual risk factors. Significant individual risk factors were used as independent
validation variables and CIN as the dependent variable in the final multivariate logistic regression. Forward step wise logistic

regression analysis was used to elucidate the final risk factors with the strongest prediction of CIN. The obtained logistic
regression equation was:

A

A= the sum of (logistic regression coefficient)(independent variable) both to the nearest integer. The probability of CIN was
estimated with eA/(1 + eA) where e = exponential

Chi square goodness of fit test was used to assess the final model accuracy for prediction of CIN and AUC of the ROC was
used to evaluate the model discrimination between patients with and without CIN. The final estimate for CIN probability was
evaluated using sensitivity and specificity analysis at various cut off levels. The final risk score system was then
substantiated in the validation data set (n=300) and its predictive accuracy was assessed using the c-statistic

Outcome Contrast-induced nephropathy was defined as: an increase of 225% and/or 20.5 mg/dl in serum creatinine at 48 hours after
PCI when compared to baseline value

Duration of follow- Unclear

up

Indirectness None
Additional None
comments
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Study arms

Study-developed risk score (cut-off: 10%) (N = 300)

Characteristics

Study-level characteristics

Characteristic Study (N =900)
Mean age (SD) 57.3 (10.2)

Mean (SD)

% Female n=148; % =16.4
Sample size

Ethnicity NR

Nominal

Diabetes n=477; % =53
Sample size

Heart failure n=20;%=2.2
Sample size

Hypertension n=470; % =52.2
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Characteristic Study (N =900)
Sample size

Contrast volume 114.9 (37.9)
Mean (SD)
Number of AKI events n=26;%=8.7

In the validation cohort (n=300)

Sample size
Characteristics of the development set, validation (n=300) not reported

Outcomes

Acute kidney injury

Outcome Study-developed risk score (cut-off: 10%), , N = 300
Sensitivity 92.3

Nominal

Specificity 82.1

Nominal

41.2. eGFR
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Buratti, 2021

Bibliographic Buratti, Stefano; Crimi, Gabriele; Somaschini, Alberto; Cornara, Stefano; Camporotondo, Rita; Cosentino, Nicola; Moltrasio,

Reference Marco; Rubino, Mara; De Metrio, Monica; Marana, lvana; De Servi, Stefano; Marenzi, Giancarlo; De Ferrari, Gaetano M; A
preprocedural risk score predicts acute kidney injury following primary percutaneous coronary intervention.; Catheterization
and cardiovascular interventions : official journal of the Society for Cardiac Angiography & Interventions; 2021; vol. 98 (no. 2);
197-205

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study
Study location Italy

Study setting Two hospitals

Study dates 2004 - 2015

Sources of funding None reported
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Recruitment / Consecutive ST-elevated myocardial infarction patients admitted to two hospitals
selection of
participants

Inclusion criteria  Undergoing percutaneous coronary intervention
Exclusion criteria  On haemodialysis

Undergoing rescue PCI or urgent cardiac surgery

Died during procedure or before consecutive creatinine measurements could be taken

Intervention details Primary PCI was performed by interventional cardiologists, according to standard clinical practice. Iso-osmolar contrast
agents were used.

Contrast Intra-arterial
administration

route

Prognostic eGFR
variable(s)

Acute kidney injury Contrast-induced acute kidney injury, defined as: an absolute serum creatinine increase 20.5 mg/dl in the first 72 hours
definition

Confounders OR  Multivariate logistic regression model that included all variables shown to be significant in univariate analysis:
Stratifiction
strategy Age >75 years
Diabetes
Anterior myocardial infarction
Killip class at admission
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Duration of follow- Unclear
up

Indirectness None
Additional None
comments

Study arms

eGFR <60 (N = 1954)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size

Study (N = 1954)
62.48 (12.14)

n=427;%=21.9

NR

n=311;%=15.9
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Characteristic Study (N = 1954)

Killip Class lI-lll n=290; %=14.8
Sample size

Killip class IV n=100; % =5.1
Sample size

Hypertension n=1039; % = 53.2
Sample size

Contrast volume NR

Nominal

Number of AKI events n=93;%=4.8
Sample size

Outcomes

Acute kidney injury

Outcome eGFR <60, , N = 1954
Adjusted OR 5.04 (3.05 to 8.32)

Mean (95% CI)
Referent value: 260
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Caspi, 2017

Bibliographic Caspi, Oren; Habib, Manhal; Cohen, Yuval; Kerner, Arthur; Roguin, Ariel; Abergel, Eitan; Boulos, Monther; Kapeliovich,
Reference Michael R; Beyar, Rafael; Nikolsky, Eugenia; Aronson, Doron; Acute Kidney Injury After Primary Angioplasty: Is Contrast-
Induced Nephropathy the Culprit?.; Journal of the American Heart Association; 2017; vol. 6 (no. 6)

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Prospective cohort study

Study location Israel

Study setting Intensive care unit

Study dates January 2000 to September 2015

Sources of funding None reported
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Recruitment / All patients admitted to intensive care with ST-segment-elevation myocardial infarction (STEMI) receiving percutaneous
selection of coronary intervention (PCI)
participants

*Study also included people who did not undergo PCI - excluded from this review*
Inclusion criteria  Admitted with STEMI and undergoing PCI
Exclusion criteria None specified
Intervention details All participants with STEMI underwent PCI with non-ionic, low-osmolar, iodinated contrast agents

Contrast Intra-arterial
administration

route

Prognostic eGFR
variable(s)

Acute kidney injury Increase in serum creatinine concentration 20.5 mg/dL compared with admission value or a >25% relative rise during the
definition first 72 hours after the procedure

Confounders OR  All factors found to be significant in the univariate analysis were included in the multivariate model:
Stratifiction
strategy Age 270 years

Hypertension

Diabetes

Anterior infarction

Haemoglobin

Killip class
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Left ventricular ejection fraction <45%

Diuretic therapy
Duration of follow- One year
up
Indirectness None
Additional None
comments
Study arms

eGFR <30 (N = 2025)

eGFR 30-59 (N = 2025)

Characteristics

Study-level characteristics

Characteristic Study (N = 2025)
Mean age (SD) 59.72 (12.93)
Mean (SD)

% Female n=375;%=18.5
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Characteristic
Sample size
Ethnicity

Nominal
Diabetes

Sample size
Killip Class lI-llI

Sample size
Killip Class IV or IABP use

Sample size

Contrast volume

Nominal

Number of AKI events

Sample size

Outcomes

Study timepoints
72 hour

Study (N = 2025)

NR

n=92;%=45

n=238;%=11.8

n=139;%=6.7

NR

n=209;%=10.3
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Acute kidney injury

Outcome eGFR <30, 72 hour, N = 2025 eGFR 30-59, 72 hour, N = 2025
Adjusted OR 6.27 (3.15t0 12.49) 1.71 (1.17 to 2.5)

Mean (95% ClI)
Referent value: 260
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Liu, 2015

Bibliographic Liu, Yong; He, Yi-ting; Tan, Ning; Chen, Ji-yan; Liu, Yuan-hui; Yang, Da-hao; Huang, Shui-jin; Ye, Piao; Li, Hua-long; Ran,

Reference Peng; Duan, Chong-yang; Chen, Shi-qun; Zhou, Ying-ling; Chen, Ping-yan; Preprocedural N-terminal pro-brain natriuretic
peptide (NT-proBNP) is similar to the Mehran contrast-induced nephropathy (CIN) score in predicting CIN following elective
coronary angiography.; Journal of the American Heart Association; 2015; vol. 4 (no. 4)

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information

registration

number

Study type Prospective cohort study

Study location China

Study setting Cardiovascular institute of a general hospital
Study dates October 2008 - December 2012

Sources of funding Supported by Science and Technology Planning Project of Guangdong Province, Guangdong Cardiovascular Institute; and
Guangdong Provincial Cardiovascular Clinical Medicine Research Fund
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Recruitment /
selection of
participants

Inclusion criteria

Exclusion criteria

Intervention details

Contrast
administration
route

Consecutive patients undergoing coronary angiography or percutaneous coronary intervention

Aged >18 years

Underwent coronary angiography or percutaneous coronary intervention

Pregnant or lactating

Intravascular administration of contrast within 7 days, or 3 days post operation
Cardiovascular surgery or endovascular repair

End-stage renal disease or on renal replacement

Missing pre-operative or post-operate creatinine values

Malignancy

Emergent coronary intervention

No pre-procedural evaluation of NT-proBNP

Coronary angiography or PCl was performed using standard techniques. The contrast type and dose were left to the
discretion of the interventional cardiologist, according to the patient’s need. The use of adrenergic blocking agents,
angiotensin-converting enzyme inhibitors, diuretics, intra-aortic balloon pump support, or inotropic drugs was left to the
discretion of the interventional cardiologist and the physicians responsible for the patients. Patients received intravenous
normal (0.9%) saline at a rate of 1 mL/kg per hour, 2 to 12 hours before and 6 to 24 hours after the administration of
contrast medium. In patients with a left ventricular ejection fraction (LVEF) <40% or overt heart failure, the hydration rate
was reduced to 0.5 mL/kg per hour

Intra-arterial
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Prognostic eGFR - evaluated using the level-modified Modification of Diet in Renal Disease equation.
variable(s)

Acute kidney injury Increase in serum creatinine of >0.5 mg/ dL over the baseline value within 48 to 72 hours after the administration of contrast
definition medium

Confounders OR  Logistic regression analysis was performed to identify the independent risk factors for CIN, which were included in the
Stratifiction multivariate model:
strategy

Higher NT-proBNP group

Congestive heart failure

Age >75 years

Diabetes mellitus

Contrast dose >200 mL

Duration of follow- Two years

up

Indirectness None
Additional None
comments

Study arms

eGFR <60 (N = 2248)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Heart failure

Sample size
Hypertension

Sample size

Contrast volume
mL

Mean (SD)
Number of AKI events

Sample size
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Study (N = 2248)
63.48 (10.72)

n=571;%=254

NR

n=565; % =25.1

n=324;%=14.4

n=909 ;% =404

124.09 (68.24)

n=50;%=22
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Outcomes

Acute kidney injury

Outcome eGFR <60, , N = 2248
Adjusted OR 5.12 (2.27 to 11.54)
OR (95%Cil)

Mean (95% ClI)
Referent value: 260
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Lunyera, 2021

Bibliographic Lunyera, Joseph; Clare, Robert M; Chiswell, Karen; Scialla, Julia J; Pun, Patrick H; Thomas, Kevin L; Starks, Monique A;
Reference Diamantidis, Clarissa J; Racial Differences in AKI Incidence Following Percutaneous Coronary Intervention.; Journal of the
American Society of Nephrology : JASN; 2021; vol. 32 (no. 3); 654-662

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Retrospective cohort study
Study location USA

Study setting University medical centre
Study dates January 2003 - December 2013

Sources of funding Supported by Research, Education, and Training Subcore Research Voucher from the Duke Center for Research to
Advance Health Equity
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Recruitment / All patients undergoing cardiac catheterization and cardiac surgery
selection of
participants

Inclusion criteria  Underwent percutaneous coronary intervention (PClI)
Had data for assessment of race and AKI incidence post-PCl

First PCI procedure in the study period
Exclusion criteria <18 years of age

On chronic dialysis at the time of PCI

Subsequent repeat PCI procedures for participants who underwent multiple PCI procedures during the study period

Intervention details No additional information

Contrast Intra-arterial
administration
route
Prognostic eGFR, split into five categories:
variable(s)
>90
60 to <90
30 to <60
15 to <30
<15
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*Only values <60 were included in this review, as per the protocol specification*

Acute kidney injury Kidney Disease Improving Global Outcomes (KDIGO) criteria: a 1.5-fold or greater relative elevation in serum creatinine
definition from the reference value to the highest value within 7 days after the date and time of PCI, or a 0.3 mg/dl absolute increase
in serum creatinine from the reference value within 48 hours after the date and time of PCI

Confounders OR  Year of index PCI
Stratifiction
strategy Sex
Age
Tobacco use
PCI setting (elective versus nonelective)
Number of stents placed
Contrast volume
Systolic and diastolic BP
RAAS inhibitors
Diuretics
Nonsteroidal anti-inflammatory drugs

Administration of intravascular fluid and N-acetylcysteine

BMI

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)
210



Acute coronary status pre-CATH (ST-elevation myocardial infarction (STEMI), non-STEMI, MI unspecified, unstable angina)

Pre-existing cardiovascular disease (prior Ml, prior PCI, prior coronary artery bypass grafting, history of angina, congestive
heart failure, cerebrovascular disease, peripheral vascular disease, carotid bruits)

History of hyperlipidaemia
Diabetes and diabetes with end organ damage
Marital status

Median household income
Duration of follow- 14 days

up

Indirectness None
Additional None
comments

Study arms

eGFR 30-59 (N = 9422)

eGFR 15-29 (N = 9422)

eGFR <15 (N = 9422)
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Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Median (IQR)
% Female

Sample size
White

Sample size
Black

Sample size
Other

Sample size
Diabetes

Sample size
Heart failure

Sample size
SBP

Median (IQR)
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Study (N = 9422)
63 (54 to 72)

n=3097; % =33

n=NR;%=75

n=NR; % =20

nN=NR;%=5

n=2804; % = 30

n=1592; % =17

141 (127 to 160)
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Characteristic Study (N = 9422)
DBP 81 (72 to 90)

Median (IQR)
Contrast volume (ml) 250 (190 to 335)

Median (IQR)
Number of AKI events n=865;%=9

Sample size

Outcomes

Acute kidney injury

Outcome eGFR 30-59, , N = 9422 eGFR 15-29, , N = 9422 eGFR <15, , N = 9422

Adjusted OR 2.29 5.77 15.71
OR (95%Cl)

Nominal

Adjusted OR 1.77 to 2.97 3.96 to 8.41 9.97 to 24.77
OR (95%Cl)

Range
Referent value: 290
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Mohebi, 2022

Bibliographic Mohebi, Reza; Karimi Galougahi, Keyvan; Garcia, Javier Jas; Horst, Jennifer; Ben-Yehuda, Ori; Radhakrishnan, Jai; Chertow,

Reference Glenn M; Jeremias, Allen; Cohen, David J; Cohen, David J; Maehara, Akiko; Mintz, Gary S; Chen, Shmuel; Redfors, Bjorn;
Leon, Martin B; Stuckey, Thomas D; Rinaldi, Michael J; Weisz, Giora; Witzenbichler, Bernhard; Kirtane, Ajay J; Mehran,
Roxana; Dangas, George D; Stone, Gregg W; Ali, Ziad A; Long-Term Clinical Impact of Contrast-Associated Acute Kidney
Injury Following PCI: An ADAPT-DES Substudy.; JACC. Cardiovascular interventions; 2022; vol. 15 (no. 7); 753-766

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Retrospective cohort study
Study location USA and Germany

Study setting No additional information
Study dates January 2008 - January 2013

Sources of funding Sponsored by the Cardiovascular Research Foundation, with funding provided by Boston Scientific, Abbott Vascular,
Medtronic, Cordis, Biosensors, The Medicines Company, Daiichi Sankyo, Eli Lilly, Volcano, and Accumetrics
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Recruitment / Consecutive patients successfully treated with drug-eluting stents
selection of
participants

Inclusion criteria  Treated with drug-eluting stents

Loaded with aspirin and clopidogrel
Exclusion criteria Major complication during the procedure, or before platelet function testing

Planned bypass surgery after PCI
Intervention details No details, other than that all participants were treated with aspirin indefinitely, and clopidogrel was recommended for at

least 1 year
Contrast Intra-arterial
administration
route
Prognostic eGFR
variable(s)

Acute kidney injury European Society of Urogenital Radiology definition: absolute increase of 20.5 mg/dL or 225% relative increase in serum
definition creatinine after PCI compared with the pre-PCI serum creatinine level occurring within 3 days of the intravascular
administration of contrast medium when no alternative etiology for AKI was identified

Confounders OR  Multivariate model adjusted for:
Stratifiction
strategy Age
Sex
Self-reported race
BMI
Peripheral arterial disease
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Duration of follow-
up
Indirectness

Additional
comments
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Congenital heart failure
Diabetes mellitus
Hypertension
Hyperlipidaemia

CKD

Smoking

Anaemia

ST-elevation myocardial infarction
Killip class

Cardiogenic shock
Hypotension

Intra-aortic balloon pump use
Baseline TIMI flow grade

Number of stents
2 years

None
None
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Study arms

eGFR <60 (N = 7287)

Characteristics

Study-level characteristics

Characteristic
Mean age (SD)

Mean (SD)
% Female

Sample size
Ethnicity

Nominal

Diabetes

Sample size
Heart failure

Sample size
Hypertension
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Study (N = 7287)
63.84 (10.85)

n=1852;% =254

NR

n=2350; % =322

n=612;%=8.4

n=5783;%=79.4
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Characteristic
Sample size
Contrast volume

Nominal
Number of AKI events

Sample size

Outcomes

Acute kidney injury

Outcome

Adjusted OR
OR (95%Cl)

Mean (95% ClI)

Study (N = 7287)

NR

n=476;%=6.5

eGFR <60, , N = 7287
1.65 (1.21 to 2.21)

Paper reports OR for CKD, defined as an eGFR <60 mL/kg/min

Referent value: 260
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Shacham, 2016

Bibliographic Shacham, Y.; Gal-Oz, A.; Flint, N.; Keren, G.; Arbel, Y.; Serum uric acid levels and renal impairment among st-segment
Reference elevation myocardial infarction patients undergoing primary percutaneous intervention; CardioRenal Medicine; 2016; vol. 6
(no. 3); 191-197

Study details

Secondary
publication of
another included
study- see primary
study for details

No additional information

Other publications No additional information
associated with
this study included

in review

Trial name / No additional information
registration

number

Study type Retrospective cohort study
Study location Israel

Study setting Tertiary referral hospital
Study dates January 2008 - February 2015

Sources of funding None reported

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
FINAL (October 2024)
219



Recruitment /
selection of
participants

Inclusion criteria
Exclusion criteria

Intervention details

Contrast
administration
route

Prognostic
variable(s)

Acute kidney injury
definition
Confounders OR

Stratifiction
strategy

Consecutive patients referred with ST-elevated myocardial infarction (STEMI) undergoing primary PCI

None specified
Treated either conservatively or by thrombolysis

Final diagnosis on discharge was other than STEMI (e.g. myocarditis or Takotsubo cardiomyopathy)
Died within 24 h of admission
Required chronic peritoneal dialysis or haemodialysis treatment

No information regarding serum uric acid levels

Primary percutaneous coronary intervention (PCI) was performed on patients with symptoms lasting for <12 hours as well
as in patients with symptoms lasting for 12—24 hours if the symptoms persisted at the time of admission. Following coronary
interventional procedures, physiologic (0.9%) saline was given intravenously at a rate of 1 ml/kg/h for 12 h after contrast
exposure. In patients with overt heart failure, the hydration rate was reduced at the discretion of the attending physician.
The contrast medium used in the procedures was iodixanol or iohexol

Intra-arterial

eGFR - estimated using the abbreviated Modification of Diet in Renal Disease equation

AKI was determined using the AKI network criteria - a rise in serum creatinine >0.3 mg/dl, compared with the admission
value

Independent predictors of AKI were identified by logistic regression model, adjusted for:
Age

Gender
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Diabetes mellitus

Hypertension

Heart failure

Left ventricular ejection fraction

Serum uric acid levels
Duration of follow- Unclear

up

Indirectness None
Additional None
comments

Study arms

eGFR <60 (N = 1372)

Characteristics

Study-level characteristics

Characteristic Study (N = 1372)
Mean age (SD) 61.5 (12.83)
Mean (SD)
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Characteristic
% Female

Sample size
Ethnicity

Nominal
Diabetes

Sample size
Heart failure

Nominal
Hypertension

Sample size

Contrast volume (ml)

Mean (SD)

Number of AKI events

Sample size

Acute Kidney Injury (update): evidence reviews for prognostic accuracy of risk assessment tools / eGFR
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Study (N =1372)
n=271;%=19.8

NR

n=302; % =22

NR

n=587; % =42.8

139.12 (31.44)

n=153; % =11
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Outcomes

Acute kidney injury

Outcome eGFR <60, , N =1372
Adjusted OR 1.67 (1.02 to 2.75)
OR (95%Cil)

Mean (95% ClI)
Referent value: >60
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Appendix E Forest plots and AUC and ROC curves
4.1.3. Risk prediction tools

4.1.4. Contrast-associated acute kidney injury

Figure 2: Mehran risk score (cut-off: >5) for the prediction of CA-AKI

Study TP EP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% Cl)
Man 2019 17 56 4 138 0.51[0.58, 085  0.71[0.64,077) —— -
Ando 2013 18 121 7 335 0.72[0.51,0.88  0.73[0.69,0.77) —a— -
Kul 2015 18 45 7 144 072(051,088)  O7R[069,087] __,  — W — .

002040608 10020406081

Figure 3: Mehran risk score (cut-off: >7) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl}  Sensitivity (95% CI) Specificity (95% CI)

Lu2016 50 264 28 322  064[052,075 055051059  , 2 —@ . . 0 W
0020406081 0020406081

Figure 4: Mehran risk score (cut-off: 210) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% Cl}) Specificity (95% Cl)  Sensitivity (95% CI} Specificity (95% Cl)

Connolly 2018 18 104 10 169 0.64 [0.44 0.81] 0.62 [0.56, 0.68] | I_I._I | —t ‘IF' —
0020406081 0020406081

Figure 5: Victor risk score (cut-off: 10%) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI}  Sensitivity (95% CI} Specificity (95% CI)

Victor 2014 24 49 2 224 0.92[0.75, 0.99] oezorroee I_.-II — ‘IF |
0020406081 0020406081

Figure 6: GRACE score (cut-off: >142) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% Cl}  Sensitivity (95% CI) Specificity (95% Cl)

Man2019 17 55 4 134  0.81[0.58,088 07164077 | —@— . o 0w
0020406081 0020406081

Figure 7: GRACE score (cut-off: >160) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI)  Specificity (95% CI)

Livzo14 34 81 9 127 0.79[0.64, 0.90] 0.61[0.54 0688 I_T_ | —_t _.F_ -
0020406081 0020406081
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Figure 8: CH2DS2-VASc score (cut-off: 24) for the prediction of CA-AKI

udy ensitivi . pecifici . ensitivi , pecifici }
Stud TP FP FN TN Sensitivity (95% ClI) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% Cl)

Chaudhary2019 37 96 4 163  090(0.77,097] 083057089, , . = . o &
0020406081 0020406081

Figure 9: Zwolle score (cut off: >2) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% Cl}  Specificity (95% CI)

kul201s 29 B3 9 208 0.76 [0.60, 0.89] ora[@rzoos0p ., I_.‘._ | —tt "E |
0o20406081 0020406081

Figure 10: Lei risk score (cut-off: >129) for the prediction of CA-AKI

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% Cl}  Sensitivity (95% CI) Specificity (95% Cl)

Lei2020 73 206 18 341 0.81[0.72,0.88] 0.62[0.58, 086 , . | _.F_ | — 'I.' —
0020406081 0020406081
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Figure 11: Mehran risk score (cut-off: >5) for the prediction of CA-AKI
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Figure 12: AUC (95%CI) of the Mehran risk score

Tziakas 2013 —— |
Sgura 2010 — |
Serif 2020 — |
Lu 20186 —— |
Liu 2020a —_— |
Liu 2020 —_— |
Liang 2023 —— |
Kul 2015 —_— |
Buratti 2021 - |
Ando 2013 —-— |
Alan 2018 —_— |
(IJ 0I2 UI.4 UIS 0I8 1
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Figure 13: AUC (95%CI) of the Marenzi risk score

Sgura 2010 —_—
Serif 2020 ——
Buratti 2021 ——
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Figure 14: AUC (95%CI) of the Bartholomew risk score

Tziakas 2013 —
Serif 2020 ——
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Figure 15: AUC (95%CI) of the Ghani risk score

Serif 2020 ——

Seibert 2020 —_——
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Figure 16: AUC (95%CI) of the Ando risk score

Serif 2020 ——

Ando 2014 ——
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Figure 17: AUC (95%CI) of the Gurm (reduced model) risk score

Serif 2020 —-

Gurm 2013 -+
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Figure 18: AUC (95%CI) of the Inohara risk score
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Figure 19: AUC (95%CI) of the Tziakas risk score

Tziakas 2013 —_—

Serif 2020 ——
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Figure 20: AUC (95%CI) of the ACEF risk score

Liu 2020a —_——
Ando 2013 ——
0 02 04 086 08 1

4.1.5. Dialysis

Figure 21: GRACE score (<136) for the prediction of dialysis

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI})  Sensitivity (95% CI) Specificity (95% CI)

Lu2014 0 61 6 184  000[0.00,0.46) OFSOES 08O Bjp oo . L . . L W
002040608 10020408081

Figure 22: GRACE score (136-158) for the prediction of dialysis

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI})  Sensitivity (95% CI) Specificity (95% CI)

Lu2014 0 63 6 182  000[0.00,046) 0748080 7o . . ., . . W
0020406081 002040608 1

Figure 23:  GRACE score (159-180) for the prediction of dialysis

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI})  Sensitivity (95% CI) Specificity (95% CI)
Liu 2014 2 B2 4 183 0.33[0.04, 0.78] 075065, 080 — @ ——— -

00204 060810D0020406081
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Figure 24: GRACE score (>180) for the prediction of dialysis

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% CI})  Sensitivity (95% CI) Specificity (95% CI)

Lu2014 4 59 2 186  067[0.22,086) 07670081 | W —— . . . &
0020406081 0020408081

4.1.6. Mortality

Figure 25: GRACE score (<136) for the prediction of mortality

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI)  Specificity (95% CI)

Liu 2014 0 &1 10 130 0.00[0.00, 0.31] 0.75 [0.69, 0.80] T—I e _._I |
00204060817 0020406081

Figure 26: GRACE score (136-158) for the prediction of mortality

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI)  Specificity (95% CI)

Liu 2014 2 B1 8 182 0.20[0.03, 0.56] 0.75 [0.69, 0.80] I_.!fl e — ‘.E |
00204060817 0020406081

Figure 27: GRACE score (159-180) for the prediction of mortality

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI)  Specificity {95% CI)

Liu 2014 2 B2 8 178 0.20[0.03, 0.56] 0.74 [0.68, 0.80] I_.!fl o I_.-I |
no20406081 0020406081

Figure 28: GRACE score (>180) for the prediction of mortality

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity {95% CI)

Liu 2014 B &7 4 184 0.60[0.26, 0.88] 0.76 [0.70,0.83] | II—.F_I | — 'HI' |
no20406081 0020406081

4.1.7. eGFRrisk factor

No plots produced due to review type.
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Appendix F  Economic evidence study selection

Figure 29: PRISMA flow chart for risk prediction tools and eGFR evidence

Total records identified from database*
N=244

l

Records included after abstract and
title screening
N=0

l

Studies included in the final analysis
N=0

* This is the total number for both review questions
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Appendix G Economic evidence tables

No health economic evidence was identified.
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Appendix H Health economic model

No original health economic model was developed.
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Appendix |

.1 Clinical studies

Excluded studies

Table 10: Studies excluded from the clinical reviews

Note: this table contains the studies excluded from both reviews 1.1 and 1.2 as the search
and sifting process for each was conducted simultaneously.

Study

McLean, K.A., Ahmed, W.U.R., English, C. et al.
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Negiin, Bavry, Anthony A et al. (2016) Acute
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Replacement. Journal of cardiac surgery 31(7):
416-22

Abbasi, Nooshin, Glazer, Daniel |, Saini, Sanjay
et al. (2022) Utility of Patient-Reported Risk
Factors for Identifying Advanced Chronic Kidney

Disease Before Outpatient CT: Comparison
With Recent ACR/NKF Consensus Criteria.
AJR. American journal of roentgenology 219(3):
462-470

Abe, Daisuke, Sato, Akira, Hoshi, Tomoya et al.
(2014) Clinical predictors of contrast-induced
acute kidney injury in patients undergoing
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coronary intervention. Circulation journal :
official journal of the Japanese Circulation
Society 78(1): 85-91

Abellas-Sequeiros, R.A., Raposeiras-Roubin,
S., Abu-Assi, E. et al. (2016) Mehran contrast
nephropathy risk score: Is it still useful 10 years
later?. Journal of Cardiology 67(3): 262-267

Abramavicius, S., Galaune, V., Tunaityte, A. et
al. (2021) The glomerular filtration rate
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acute kidney injury: An observational study.
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Code [Reason]

- Population not relevant to this review protocol

Not all participants received iodinated contrast
media, and no subgroup analysis data for those
that did receive it

- Review article but not a systematic review

- Inappropriate analysis method

Study aimed to identify prognostic values for an
eGFR threshold and did not include a
multivariate model assessing the risk of AKI with
a given eGFR

- eGFR not included in multivariate model

- Retrospective cohort study

- Population not relevant to this review protocol

Participants had not received iodinated contrast
media
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- Data not reported in an extractable format or a
format that can be analysed
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Appendix J Recommendations for research — full details

J.1 Recommendation for research

What validated risk assessment tools could be used to predict the occurrence of contrast
associated acute kidney injury following the administration of intravenous iodine-based
contrast media?

J.1.1 Why this is important

An accurate risk assessment tool may assist clinicians in balancing the diagnostic benefit of
contrast media CT-scans against the potential risks of contrast associated acute kidney
injury. Currently avoidance in the use of iodine-based contrast media in people perceived to
be at higher risk can lead to poorer outcomes resulting from unnecessary delay or
cancellation of scans when the risk of post-contrast acute kidney injury is low for most
people.

J.1.2 Rationale for the recommendation for research

Importance to ‘patients’ or the population Intravenous iodine-based contrast media (ICM)
is often required for clinically vital tests and
treatments for serious diseases, many of which
convey substantial proven benefit for patients.

Delayed intravenous ICM use or avoidance risks
serious adverse outcomes, especially when test
or treatment benefits are time sensitive.

Currently, people are often denied timely access
to ICM based contrast enhanced CT-scans
when their additional risk of developing acute
kidney injury (AKI) as a result of intravenous
modern ICM use is relatively low.

Relevance to NICE guidance Risk assessment tools and questionnaires have
been considered in this guideline and no
evidence was identified that examined risk
assessment tools to predict risk of acute kidney
injury in the context of intravenous contrast
administration.

Relevance to the NHS There is variation in current practice in when and
in whom eGFR measurement is carried out
before doing a contrast -enhanced CT scan, and
in the interpretation of who is at higher risk of an
acute kidney injury. Further research may
provide greater clarity on the level of the risk and
a reliable tool for identifying risk factors.

National priorities High
Current evidence base Minimal large-scale data within an older
population reflective of those seen in current
practice.
Equality considerations None known
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J.1.3 Modified PICO table
Population

Risk assessment tools
Outcomes

Study design
Timeframe

301

Adults receiving intravenous administration of
ICM for contrast-enhanced CT scans.

Validated risk assessment tools

o Contrast-associated acute kidney injury
(definition to be determined by author
(KDIGO, RIFLE, AKIN definition)

e Dialysis
o Mortality due to acute kidney injury
Prospective cohort studies

Contrast-associated acute kidney injury (within 7
days of intravenous ICM for a contrast-
enhanced CT scan).
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