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ABSTRACT

Objective: Contrast-induced nephropathy (CIN) is the third leading cause of iatrogenic acute kidney injury, affecting
approximately 10% of patients. Multiple risk factors, including preexisting kidney disease, diabetes mellitus, and hyperten-
sion, have been described; however, there is no specific therapeutic approach. Also, there is no consensus on premedica-
tion or which drugs should be discontinued before the exposure, whether discontinued drugs should be restarted, and, if
started, how long after the exposure. In this cross-sectional survey-based study, we aim to assess the attitudes of clinicians
about the discontinuation of renin-angiotensin system (RAS) blockers, sodium-glucose cotransporter 2 (SGLT-2) inhibitors,
loop diuretics, and metformin before contrast exposure to reduce the risk for CIN.

Method: We performed a survey-based study on clinicians, for which announcements were made through online platforms
and national associations. Fully licensed physicians from the fields of internal medicine, cardiology, endocrinology, and
nephrology with adult patients were included.

Results: We have included 517 clinicians—288 in internal medicine, 70 in endocrinology, 59 in cardiology, and 100 in
nephrology. Most of the clinicians prefer the discontinuation of metformin before contrast exposure. About 51.5% of the
nephrologists think that SGLT2 inhibitors should be stopped before exposure, as compared with only 25.9% of the cardiolo-
gists. The nephrologists were the main physicians who believed that RAS blockers should be stopped before the investiga-
tion (52.6%) and were more reluctant to restart rapidly after the exposure. The attitudes of the clinicians toward renin-angi
otensin-aldosterone system blockers, loop diuretics, and SGLT-2 inhibitors are considerably variable.

Conclusion: The attitudes of clinicians regarding the discontinuation and reinitiation of such medications are clinician
dependent. We hereby emphasize the need for future large-scale randomized clinical trials investigating this issue to reach

a consensus in such a common clinical scenario.
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INTRODUCTION

Contrast-induced nephropathy (CIN), as the third leading
cause of iatrogenic acute kidney injury (AKI), is a major
concern with variable incidence depending on the defi-
nition; nevertheless, a large-scale meta-analysis study
involving 259 studies has demonstrated an incidence rate
0f 9.06% with 0.52% requiring kidney replacement thera-
pies.>? The most widely accepted definition of CIN is an
elevation of serum creatinine of more than 25% or = 0.5
This work is licensed under a Creative Commons

Attribution 4.0 International License.

mg/dL from baseline within 48-72 hours of contrast expo-
sure, while multiple risk factors, including preexisting
kidney diseases, heart failure, diabetes mellitus, type and
amount of contrast material, dyslipidemia, and certain
medications, have been identified.** The management
of CIN is mostly supportive care; therefore, the primary
objective is preventive measures. Even though mul-
tiple agents, including sodium bicarbonate, intravenous
hydration, statins, sodium-glucose transporter (SGLT) 2
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inhibitors, fenoldopam, acetylcysteine, and ascorbic acids, have
been proposed as potential candidates for risk reduction, only
hydration has proven to be effective in large-scale studies.>™®
Although the guidelines of the American College of Radiology
and many other guidelines recommend the discontinuation of
metformin and other nephrotoxic agents before either imaging
or interventional studies involving contrast material, there is
controversy regarding the discontinuation of SGLT-2 inhibitors
and renin-angiotensin-aldosterone system (RAAS) blockers.* In
this cross-sectional survey study, we aim to assess the attitudes
of clinicians from different specialties about discontinuation and
reinitiation of RAAS blockers, SGLT-2 inhibitors, loop diuretics,
and metformin before contrast exposure to reduce the risk for
CIN either due to diagnostic or interventional procedures.

METHODS

We have conducted an online survey study on fully licensed
physicians internal medicine, cardiology, endocrinology, and
nephrology. Our study was approved by Koc University Ethical
Committee on Human Research, with the number 2023.140.
IRB3.060 in April 2023. Before starting the survey, the online con-
sent of the participants was obtained, and information was not
recorded in a manner that could identify participants. The online
survey is conducted between April 2023 and May 2023 in Turkiye.

Recruitment

Physicians were recruited by announcements via national
associations of individual fields and social media platforms.
Fully licensed physicians from t internal medicine, cardiology,
endocrinology, and nephrology were included. We were unable
to estimate the number of physicians who became aware of
the survey study; therefore, we were unable to determine the
response rate of our survey among physicians.

Questionnaire
The questionnaires were designed by inclusion of all authors
through an iterative process and then modified independently.

MAIN POINTS

+ Contrast-induced nephropathy (CIN) is the third leading
cause of iatrogenic acute kidney injury; there is no specific
therapeutic approach. Also, there is no consensus on pre-
medication or which drugs should be discontinued before the
exposure, whether discontinued drugs should be restarted,
and, if started, how long after the exposure.

« Most of the clinicians prefer the discontinuation of metformin
before contrast exposure; 51.5% of the nephrologists think
that sodium-glucose transporter (SGLT) 2 inhibitors should
be stopped before the exposure, as compared with only
25.9% of the cardiologists.

+ The attitudes of clinicians regarding the discontinuation and
reinitiation of such medications are clinician dependent. We
hereby emphasize the need for future large-scale randomized
clinical trials investigating this issue to reach a consensus in
such a common clinical scenario.
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The survey is provided only in Turkish and primarily in the form
of multiple-choice questions. Demographic data on partici-
pating physicians including age, gender, field of practice, and
number of years in practice were obtained during the survey fol-
lowing the obtainment of informed consent of the participants.

Statistical Analysis

Variables were expressed as mean + SD or as percent fre-
quency, as appropriate. Comparisons between groups were
performed with the one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s test and the »? or Fisher’s exact test followed
by the Bonferonni test for categorical data. All analyses were
performed using Stata MP software, version 13 (Stata Statistical
Software: Release 13. College Station, TX: StataCorp LLC). A two-
tailed P <.05 was significant.

RESULTS

Main Characteristics of the Physicians Included in the
Survey

Five hundred and seventeen physicians completed the sur-
vey—288 in internal medicine, 70 in endocrinology, 59 in
cardiology, and 100 in nephrology. As shown in Table 1, the endo-
crinologists and nephrologists were older than the internists and
cardiologists; consecutively, they also had a longer period in their
specialty. The number of responses to a question is presented in
Tables 2-5. Someitems were not completed by all the respondents.

Attitudes and Beliefs on Stopping Sodium-Glucose
Transporter 2 Inhibitors

Of the 504 responders, the majority believed that SGLT-2 inhibi-
tors should not be stopped before contrast administration
(60.2%). However, there was a significant difference in this
belief between the different specialties (51.5% of the nephrolo-
gists that answered this question think that SGLT2 inhibitors
should be stopped, as compared with only 25.9% of the cardi-
ologists; see Table 2).

Most of the respondents believe that if SGLT-2 inhibitor should
be stopped, the estimated glomerular filtration rate (eGFR)
should be below 60 mL/min/1.73 m? (26.6%, 23.9%, and 35.4%
if the eGFR is below 30, 45, or 60 mL/min/1.73 m? respectively),
without any significant differences between specialties. Most
of the physicians also believe that if it was to be stopped, this
should be accomplished 24 or 48 hours before the investigation.

We noticed a disagreement between the specialties regarding
when to restart the medication, with almost half of the nephrol-
ogists considering that SGLT2 inhibitors should be restarted
after or more than 72 hours (Table 2).

Attitudes and Beliefs on Stopping Metformin

Most of the respondents believe that metformin should be
stopped (67.8%), with the cardiologists (82.5%) being in most
agreement with this attitude (see Table 3). There were significant
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Table 1. Demographic and Clinical Characteristics of the Study Population

All Internal Medicine | Endocrinology Cardiology Nephrology
(n=517) (n=288) (n=70) (n=59) (n=100) P

Age, years 36.5+9.3 31459 45.9+9.5 36.0x7.1 45.1+6.81+6.8 <.001
Years in specialty, n (%) <.001

<5 years 315 (60.9) 241 (83.7) 19 (27.1) 25 (42.4) 33(30.0)

5-10 years 62 (11.9) 20 (6.94) 15 (21.4) 8(13.6) 19 (19.0)

10-15 years 71(13.7) 12 (4.2) 13 (18.6) 17 (28.8) 29 (29.0)

>15years 69 (13.4) 15(5.2) 23(32.9) 9(15.3) 22 (22.0)

Data are expressed as mean + SD or percent frequency, as appropriate. Bold values are statistically significant.
*P <0.05 as mentioned in the Statistical analysis.

differences between the specialties when asked at what eGFR the
medication should be stopped, with endocrinologists wanting to
42 stopitatahighereGFR. Additionally, there were differencesin the
timing of restarting it, with the nephrologists being more reluc-
tant to restart the medication earlier after the contrast exposure.

Attitudes and Beliefs on Stopping Furosemide

As shown in Table 4, the nephrologists were the main respon-
dents who believed this drug should be stopped before con-
trast exposure. There were no significant differences between
the 4 specialties regarding the next two items. Again, the

Table 2. Attitudes and Beliefs on Stopping SGLT2 Inhibitors

Internal
All Medicine Endocrinology Cardiology Nephrology P

Stop SGLTi, N (%)’ 200 (39.7) 101 (39.5) 33(47.1) 15 (25.9) 51 (51.5) .004
If yes, at what eGFR should we stop SGLT2i? N (%)%

<30 mL/min/1.73 m> 51 (26.6) 28 (29.5) 6(18.2) 3(21.4) 14 (28.0) 47

<45 mL/min/1.73 m? 46 (23.9) 26 (27.4) 6(18.2) 0(0.0) 14 (28.0)

<60 mL/min/1.73 m? 68 (35.4) 28 (29.5) 15 (45.5) 8(57.1) 17 (34.0)

<90 mL/min/1.73 m? 15 (7.8) 7(7.4) 3(9.1) 2(14.3) 3(6.0)

Always 12 (6.3) 6(6.3) 3(9.1) 1(7.1) 2(4.0)
If yes, when we should stop SGLT2i? N (%)

Exposure day 11(5.7) 7(7.4) 1(3.0) 0(0.0) 3(6.0) .29

24 hours before 80 (41.7) 45 (47.4) 14 (42.4) 2(14.3) 19 (38.0)

48 hours before 85 (44.3) 36 (37.9) 14 (42.4) 12 (85.7) 23 (46.0)

72 hours before 12 (6.3) 6(6.3) 3(9.1) 0(0.0) 3(6.0)

>72 hours before 4(2.1) 1(1.1) 1(3.0) 0(0.0) 2 (4.0)
If yes, when we should restart SGLT2i? N (%)%

Exposure day 7(3.7) 6(6.3) 0(0.0) 0(0.0) 1(2.0) <.001

After 24 hours 80 (41.7) 50 (52.6) 20 (60.6) 3(21.4) 7(14.0)

After 48 hours 60 (31.3) 25 (26.3) 10(30.3) 8(57.1) 17 (34.0)

After 72 hours 26 (13.5) 9(9.5) 2(6.1) 3(21.43) 12 (24.0)

After >72 hours 18 (9.4) 5(5.3) 1(3.0) 0(0.0) 12 (24.0)

Never restart 1(0.5) 0(0.0) 0(0.0) 0(0.0) 1(2.0)

nephrologists.

Data are expressed as percent frequency. Bold values are statistically significant.
eGFR, estimated glomerular filtration rate; SGLT2i, sodium-glucose transporter 2 inhibitor.
*Only 504 answers—277 internists, 70 endocrinologists, 58 cardiologists, 99 nephrologists}Only 192 answers—95 internists, 33 endocrinologists, 14 cardiologists, 50
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Table 3. Attitudes and Beliefs on Stopping Metformin
Internal
All Medicine Endocrinology Cardiology Nephrology P
Stop metformin, N (%)’ 334 (67.8) 170 (63.4) 54 (77.1) 47 (82.5) 63 (64.3) .01
If yes, at what eGFR should we stop metformin? N (%)%
<30 mL/min/1.73 m? 70 (21.3) 39 (23.5) 5(9.4) 11 (23.4) 15 (23.8) .04
<45 mL/min/1.73 m? 63(19.2) 41 (24.7) 5(9.4) 5(10.6) 12 (19.1)
<60 mL/min/1.73 m> 137 (41.6) 60 (36.1) 29 (54.7) 24 (51.1) 24 (38.1)
<90 mL/min/1.73 m? 34 (10.3) 13 (7.8) 10 (18.9) 5 (10.6) 6(9.5)
Always 25 (7.6) 13(7.8) 5(7.6) 2(4.3) 6(9.5)
If yes, when we should stop metformin? N (%)
Exposure day 21 (6.4) 11 (6.6) 2(3.8) 5(10.6) 3(4.8) 21
24 hours before 126 (38.3) 71 (42.8) 20 (37.7) 20 (42.6) 15 (23.8)
48 hours before 158 (48.0) 71(42.8) 29 (54.7) 21 (44.7) 37 (58.7)
72 hours before 19 (5.8) 10 (6.0) 2(3.8) 1(2.1) 6(9.5)
>72 hours before 5(1.5) 3(1.8) 0(0.0) 0(0.0) 2(3.2)
If yes, when we should restart metformin? N (%)%
Exposure day 15 (4.6) 12(7.2) 1(1.9) 1(2.1) 1(1.6) <.001
After 24 hours 142 (43.2) 82 (49.4) 31(58.5) 25 (53.2) 4(6.4)
After 48 hours 106 (32.2) 50 (30.1) 16 (30.2) 15 (31.9) 25 (39.7)
After 72 hours 44 (13.4) 15 (9.0) 4(7.6) 5(10.6) 20 (31.8)
After >72 hours 19 (5.8) 6(3.6) 1(1.9) 1(2.1) 11(17.5)
Never restart 3(0.9) 1(0.6) 0(0.0) 0(0.0) 2(3.2)
Data are expressed in percent frequency. Bold values are statistically significant.
eGFR, estimated glomerular filtration rate.
;ggLyrg?;gias::Ners—zss internists, 70 endocrinologists, 57 cardiologists, 98 nephrologists. $0nly 329 answers—166 internists, 53 endocrinologists, 47 cardiologists, 63

nephrologists were more reluctant to restart the medication
earlier after the contrast exposure.

Attitudes and Beliefs on Stopping Renin-Angiotensin
System Inhibitors

Table 5 presents the responses to the questions related to this
class of medication. Like the previous items, the nephrolo-
gists were the main physicians who believed that RAS inhibi-
tors should be stopped before the investigation (52.6%) and
were more reluctant to restart rapidly (more than 50% after or
more than 72 hours) after the exposure. There were no other
significant differences between the specialties, with the major-
ity believing that the medication should be stopped at a lower
eGFR and within 24 hours before the contrast administration.

DISCUSSION

We have performed a survey-based study among physicians
regarding their behavior toward the discontinuation and reini-
tiation of various medications, including SGLT-2 inhibitors,
RAS blockers, loop diuretics, and metformin, before contrast

material exposure. Our results indicate low rates of discontinu-
ation among all specialties with considerable interspecialty
differences, with nephrologists most likely to discontinue any
such drug and most likely to reinitiate later in the follow-up,
demonstrating the lack of consensus and awareness.

Even though the exact underlying pathophysiology of CIN is
unclear, multiple hypothetical pathophysiological mecha-
nisms have been proposed. First, the administration of con-
trast material leads to a prolonged vasoconstrictive response
with increased intrarenal vascular resistance and a decline in
blood flow due to upregulation of adenosine and downregula-
tion of nitric oxide following early and short vasodilatation.!
Such hemodynamic alteration leads to a decline in the eGFR,
as evident from Starling forces, along with a reduction in oxy-
gen delivery to tubules.” Second, iodinated contrast material
leads to osmotic diuresis, which enhances tubular reabsorption
of water and electrolytes, which further elevates the oxygen and
energy requirements of tubular cells.*** Moreover, the concen-
tration of the contrast medium within the tubular lumen leads
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Table 4. Attitudes and Beliefs on Stopping Furosemide
Internal
All Medicine Endocrinology Cardiology Nephrology P
Stop furosemide, N (%) 223 (45.9) 109 (41.6) 27 (39.7) 15 (26.3) 72 (73.5) <.001
If yes, at what eGFR should we stop furosemide? N (%)
<30 mL/min/1.73 m? 4(29.2) 34 (31.5) 2(8.0) 5(33.3) 23(32.4) 21
<45 mL/min/1.73 m? 46 (21.0) 20 (18.5) 7(28.0) 2(13.3) 17 (23.9)
<60 mL/min/1.73 m? 8(31.1) 31(28.7) 11 (44.0) 8(53.3) 18 (25.4)
<90 mL/min/1.73 m? 7(12.3) 17 (15.7) 3(12.0) 0(0.0) 7(9.9)
Always 14 (6.4) 6 (5.6) 2(8.0) 0(0.0) 6 (8.5)
If yes, when we should stop furosemide? N (%)%
Exposure day 50 (22.8) 34 (31.5) 3(12.0) 1(6.7) 12 (16.9) .14
24 hours before 112 (51.1) 52(48.2) 14 (56.0) 10 (66.7) 36 (50.7)
48 hours before 53 (24.2) 21(19.4) 7(28.0) 4(26.7) 21(29.6)
72 hours before 4(1.8) 1(0.9) 1(4.0) 0(0.0) 2(2.8)
If yes, when we should restart furosemide? N (%)
Exposure day 6(2.7) 3(2.8) 0(0.0) 1(6.7) 2(2.8) .001
After 24 hours 114 (52.1) 70 (64.8) 19 (76.0) 6 (40.0) 19 (26.8)
After 48 hours 51(23.3) 20(18.5) 4 (16.0) 5(33.3) 22 (30.9)
After 72 hours 29 (13.2) 11(10.2) 1(4.0) 1(6.7) 16 (22.5)
After >72 hours 18 (8.2) 4(3.7) 1(4.0) 2(13.3) 11(15.5)
Never restart 1(0.5) 0(0.0) 0(0.0) 0(0.0) 1(1.4)
Data are expressed in percent frequency. Bold values are statistically significant.
eGFR, estimated glomerular filtration rate.
;ZgLyrgffg?S:zYvers—262 internists, 68 endocrinologists 57 cardiologists 98 nephrologists. £0nly 219 answers—108 internists 25 endocrinologists, 15 cardiologists 71

to an increase in the tubular fluid viscosity and thereby intra-
tubular pressure.® Third, the contrast material has both direct
and indirect toxic effects, mediated via reactive oxygen species
and intratubular calcium influx, on tubular and endothelial
cells, leading to apoptosis and necrosis.!® Lastly, exposure to
the contrast material leads to phosphorylation of Akt, inhibition
of ERK-1/2, and alterations in the regulation of transcription fac-
tors such as forkhead box O 3a and STAT3, leading to necrosis
and apoptosis.i’®

SGLT-2 inhibitors, via their inhibitory effect on glucose reab-
sorption at the S1 segment of the proximal tubule and lead-
ing to exposure of the S3 segment to higher glucose content,
have been shown to be associated with osmotic nephropathy,
a rare cause of drug-induced AKI as seen in intravenous immu-
noglobulin and iodinated contrast material.’®* Therefore, the
concomitant use of SGLT-2 inhibitors and contrast material has
the potential to aggravate CIN. Nevertheless, there are large-
scale studies indicating the potential protective role of SGLT-2
inhibitors against CIN via anti-inflammatory, antioxidant,
and antithrombotic properties.?% Similarly, the role of RAS

blockers in CIN remains inconclusive. Although multiple clini-
cal studies indicate an increased risk of CIN with RAAS blockage
continuation during contrast exposure via alterations in kidney
hemodynamics, contradictory findings have been illustrated
as well.?? Our findings also indicate discrepancies between
clinicians regarding their attitudes toward discontinuation
and reinitiation of RAAS blockers and SGLT-2 inhibitors follow-
ing contrast exposure. Therefore, we think that there is a need
for future large-scale randomized clinical trials investigating
such associations to reach a definitive consensus, potentially
eliminating the interindividual and interspecialty differences in
management of CIN.

Current guidelines have advocated for the discontinuation of
metformin therapy before contrast exposure, especially for
patients with eGFR below 30 mL/min/1.73 m?, primarily due
to potential concerns of accumulation that may lead to lactic
acidosis.?**” However, our findings demonstrate low awareness
regarding such issues. It is important to advocate via national
and international associations to enhance awareness and alter
clinical practice.
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Table 5. Attitudes and Beliefs on Stopping RASi
Internal
All Medicine Endocrinology Cardiology Nephrology P
Stop RASI, N (%)’ 198 (41.3) 116 (44.8) 13(19.7) 18 (31.6) 51(52.6) <.001
If yes, at what eGFR should we stop RASi? N (%)
<30 mL/min/1.73 m? 4(22.3) 28 (24.1) 1(7.7) 3(17.7) 12 (23.5) 49
<45 mL/min/1.73 m? 42 (21.3) 25(21.6) 2(15.4) 1(5.9) 14 (27.5)
<60 mL/min/1.73 m? 9 (35.0) 41 (35.3) 6 (46.2) 10 (58.8) 12 (23.5)
<90 mL/min/1.73 m? 5(12.7) 13(11.2) 2(15.4) 2(11.8) 8(15.7)
Always 17 (8.6) 9(7.8) 2(15.4) 1(5.9) 5(9.8)
If yes, when we should stop RASi? N (%)%
Exposure day 26 (13.2) 16 (13.8) 1(7.7) 4(23.5) 5(9.8) 21
24 hours before 106 (53.8) 68 (58.6) 8(61.5) 7(41.2) 23(45.1)
48 hours before 53(26.9) 28 (24.1) 3(23.1) 6(35.3) 16 (31.4)
72 hours before 9 (4.6) 4(3.5) 1(7.7) 0(0.0) 4(7.84)
>72 hours before 3(1.5) 0(0.0) 0(0.0) 0(0.0) 3(5.9)
If yes, when we should restart RASi? N (%)
Exposure day 8(4.1) 5(4.3) 1(7.7) 0(0.0) 2(3.9) .001
After 24 hours 88 (44.7) 60 (51.7) 9(69.2) 9(52.9) 10 (19.6)
After 48 hours 43(21.8) 27 (23.3) 2(15.4) 3(17.7) 11 (21.6)
After 72 hours 40 (20.3) 19 (16.4) 1(7.7) 5(29.4) 15 (29.4)
After >72 hours 16(8.1) 4(3.5) 0(0.0) 0(0.0) 12 (23.5)
Never restart 2(1.0) 1(0.9) 0(0.0) 0(0.0) 1(1.9)
Data are expressed in percent frequency. Bold values are statistically significant.
eGFR, Estimated glomerular filtration rate; RASi, renin-angiotensin system inhibitor.
*Only 479 answers—259 internists, 66 endocrinologists, 57 cardiologists 97 nephrologists. $Only 197 answers—116 internists, 13 endocrinologists, 17 cardiologists,
51 nephrologists

Our survey-based cross-sectional study has several important
limitations. First, the study population, including the physi-
cians recruited mostly via online announcements, may not be
a homogeneous group, therefore limiting the generalizability of
our results due to potential selection bias. Second, the survey-
based study design of our study, primarily dependent upon
the subjective responses of the participants, may overlook the
differences between such answers and actual clinical practice.
Lastly, our study has not distinguished between contrast media
exposure for diagnostic or interventional purposes, despite
higher rates of CIN observed in interventional studies, which
may potentially account for the interspecialty discrepancies.
However, our study is significant because it demonstrates the
status of the awareness and attitude of physicians regarding the
CIN risk associated with multiple medications.

CONCLUSION

The results of our survey-based study regarding the discon-
tinuation and reinitiation of different medications to contrast
exposure indicate considerable interspecialty differences and

low rates of awareness. Our study is important because it dem-
onstrates the need for future large-scale clinical trials to deter-
mine the need for discontinuation of each medication group
and the need for actions to improve the awareness of clinicians.
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