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Background and aims: Patients with inflammatory bowel diseases (IBD) are exposed to drug-related 

nephrotoxicity and kidney-related extra-intestinal manifestations (EIMs). Patients should be monitored 

but guidance is lacking in current international recommendations. The objective of the Kidney Function 

Monitoring in Inflammatory Bowel Disease (MONITORED) initiative was to achieve an expert consensus 

about monitoring kidney function in IBD. 

Methods: A literature review was first conducted. Then, an expert consensus meeting, involving 28 atten- 

dees representing French-speaking gastroenterologists and nephrologists, was held as part of an academic 

∗ Corresponding author at: Department of Gastroenterology, University Hospital 

of Marseille Nord, University of Aix-Marseille, Chemin des Bourrely, 13015 Marseille, 

France. 
E-mail address: lucas.guillo690@gmail.com (L. Guillo). 

https://doi.org/10.1016/j.dld.2021.11.008 

1590-8658/© 2021 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 

https://doi.org/10.1016/j.dld.2021.11.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/dld
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dld.2021.11.008&domain=pdf
mailto:lucas.guillo690@gmail.com
https://doi.org/10.1016/j.dld.2021.11.008


L. Guillo, P. Delanaye, M. Flamant et al. Digestive and Liver Disease 54 (2022) 309–315 

initiative on May 28, 2021. An  

Agreement was defined as at le

Results: Experts reached consen  

tion monitoring, participants u  

glomerular filtration rate via th  

measurement of a protein-to-cr  

performing this monitoring at  

screening and evaluation of tre  

then every 6 months was felt  

cient. 

Conclusion: The MONITORED c  

These recommendations should  

the best approach to our patien

© 2021 Editrice Gas  

1

i

w  

l

A  

D

n

r

i

r  

p

v

i

g

i

d

p

t

c

i

k

f

t

e

p

d

w

2

2

e

i

m

s

v

(

o

n

c

i

a

A

f

m

c

i

2

p

fi

a

q

e

p

p

b

m

T

f

T

t

o

r

t

t

fi

a

r

w

A

o

t

v

v

r

3

m

m

o

u

b

s

p

t

n

. Introduction 

Inflammatory bowel disease (IBD), encompassing ulcerative col- 

tis (UC) and Crohn’s disease (CD), are chronic debilitating diseases 

ith a relapsing and remitting course [ 1 , 2 ]. Currently, based on

atest recommendations, Mesalamine (or 5-aminosalicylic acid, 5- 

SA) remains the backbone therapy for mild to moderate UC [ 3 , 4 ].

espite an overall safety profile similar to placebo, many cases of 

ephrotoxicity have been reported with 5-ASA [5–8] . Mesalamine- 

elated nephrotoxicity can be a serious complication and delays 

n diagnosis and treatment discontinuation can lead to end-stage 

enal disease [ 6 , 9 , 10 ]. Moreover, nephrotoxicity has also been re-

orted with anti-tumor necrosis factors agents (anti-TNF) and with 

edolizumab [11–14] . Finally, kidney-related extra-intestinal man- 

festations (EIMs) (e.g., nephrolithiasis, tubulointerstitial nephritis, 

lomerulonephritis or amyloidosis) can also occur along IBD course 

ndependently to the associated treatments [15–17] . Depending on 

efinition, the prevalence of these EIMs ranges from 4% to 23% in 

atients with IBD [ 15 , 17 ]. 

In clinical practice, it remains difficult for gastroenterologists 

o decide when to refer to the nephrologist when patients en- 

ountered drug-related nephrotoxicity or kidney EIMs. In addition, 

nternational recommendations lack guidance on how to monitor 

idney function in patients with IBD [18–26] , leading to a poor 

ollow-up and delayed management of kidney events. The objec- 

ive of the Kidney Function Monitoring in Inflammatory Bowel Dis- 

ase (MONITORED) initiative was to achieve an expert consensus to 

rovide clear recommendations to the gastroenterologists for stan- 

ardizing in daily practice the assessment of kidney function and 

hen to refer to the nephrologist. 

. Methods 

.1. Steps prior the consensus meeting 

The MONITORED academic initiative comprised two steps. A lit- 

rature review was first conducted between July to August 2020 to 

dentify how and when kidney function should be assessed and 

onitored in patients with IBD [27] . Two authors (LG and FD) 

earched PubMed, Embase, and Web of Science databases for rele- 

ant studies on this topic. The following Medical Subject Heading 

MeSH) terms alone or matched with the Boolean operators “AND”

r “OR” were used: “mesalamine”, “5-ASA”, “nephrotoxicity”, “kid- 

ey diseases”, “inflammatory bowel disease, “Crohn disease”, “ul- 

erative colitis”, “renal insufficiency”, “kidney failure”, “drug mon- 

toring”, “guideline”. Then, they independently screened titles and 

bstracts. All editorials, notes, comments, or letters were excluded. 

rticles were selected on the basis of their clinical relevance and 
310 
anonymous Delphi process was used to discuss and vote on statements.

ast 75% of participants voting for any one statement. 

sus on 11 criteria for referral to the nephrologist. Concerning kidney func-

nanimously validated the use of serum creatinine with estimation of the

e MDRD or CKD-EPI equations. A blood ionogram and a urine sample with

eatinine ratio were also broadly agreed validated. Experts recommended

IBD diagnosis, prior introducing a new treatment, and annually for EIMs

atment tolerance. An evaluation 3 months after starting mesalamine and

necessary, while for biologics an annually monitoring was deemed suffi-

onsensus proposed guidelines on how to monitor kidney function in IBD.

 be considered in clinical practice to preserve kidney function and ensure

ts. 

troenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

ull-text manuscripts were analyzed for inclusion. Any disagree- 

ents between investigators were resolved through collegial dis- 

ussion. Finally, they accurately checked the reference lists of the 

ncluded studies for any additional relevant work. 

.2. Conduct of the consensus meeting 

A virtual consensus meeting in the form of a webinar took 

lace on May 28, 2021. The purpose of the meeting was to de- 

ne: (i) when to refer to the nephrologist; (ii) the adequate blood 

nd urine tools for monitoring kidney function; and (iii) its ade- 

uate timing of the kidney function monitoring. Based on the lit- 

rature review [27] and on the international Kidney Disease: Im- 

roving Global Outcomes (KDIGO) recommendations [ 28 , 29 ], pro- 

osed statements were prepared prior to the consensus meeting 

y LG LF, PD, MF, CM and LPB, who formed the scientific com- 

ittee. French-speaking experts from the GETAID (Groupe d’Etude 

hérapeutique des Affections Inflammatoires du Tube Digestif) and 

rom the SFNDT (Société Francophone de Néphrologie Dialyse et 

ransplantation) were invited to join the meeting. Overall, 28 at- 

endees participated to the meeting, including 7 expert nephrol- 

gists and 21 expert gastroenterologists. Results of the literature 

eview were presented to the members of the panel to ensure at- 

endees were exposed to the most up to date literature. Following 

his introduction, individual statements were presented and modi- 

ed following the Delphi process Final voting was carried out in an 

nonymous manner using the webinar software. Votes were car- 

ied out using the webinar software (Zoom) with a pop-up voting 

indow for each participant. Voting time was limited to 1 minute. 

greement was defined as at least 75% of participants voting for 

ne proposed statement. If a 75% agreement was not achieved, fur- 

her discussion ensued which may have included amendment of 

oting statements where required, followed by a second round of 

oting if controversial. If agreement could not be reached after two 

ounds of voting, then the statement was definitively “excluded”. 

. Results 

As previously published [27] , the review highlighted that many 

onitoring schemes are available and current international recom- 

endations propose conflicting monitoring strategies due to a lack 

f medical evidence. To date, the best monitoring strategy remains 

nknown and clear guidelines to standardize timing and tests to 

e performed are still lacking, demonstrating the need for a con- 

ensus to homogenize practices. 

The aim of the recommendations that are presented here is to 

rovide simple and clear guidelines to assist gastroenterologists in 

heir clinical practice and are largely based on expert opinion. The 

ephrologists were invited to introduce specifics of kidney function 
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Table 1 

Criteria for referring to the nephrologist. 

Proposed statements Voting results 

Number of ballots Votes at last ballot (n/N) 

Significant change in kidney function 

Serum creatinine concentration at baseline 1 90% (19/21) 

30% increase in serum creatinine concentration from baseline 1 90% (19/21) 

When to refer to the nephrologist 

In case of significant change (30%) in serum creatinine 1 89% (16/18) 

eGFR < 75ml/min/1.73m 

2 in patients < 45 years 1 94% (17/18) 

eGFR < 60ml/min/1.73m 

2 in patients 45 to 65 years 1 100% (18/18) 

eGFR < 45ml/min/1.73m 

2 in patients > 65 years 1 100% (18/18) 

Presence or onset of albuminuria ( > 30mg/g) 1 78% (14/18) 

Presence or onset of proteinuria ( > 150mg/g) 1 83% (15/18) 

Suspected drug nephrotoxicity 1 100% (19/19) 

Suspected kidney EIM 1 84% (16/19) 

Persistent hypo- or hyperkalemia 1 89% (17/19) 

First episode of nephrolithiasis 1 84% (16/19) 

Onset of microscopic hematuria 1 84% (16/19) 

EIM, extra-intestinal manifestation; eGFR, estimated glomerular filtration rate. 

Table 2 

Tools for monitoring kidney function. 

Proposed statements Voting results 

Number of ballots Votes at last ballot (n/N) 

Blood tools 

Serum creatinine concentration 1 100% (19/19) 

Ionogram (sodium and potassium concentrations) 1 84% (16/19) 

Estimation of GFR via an equation from serum creatinine concentration: MDRD or CKD-EPI 1 89% (17/19) 

Urinary tools 

On urine sample (to be checked within 3 months if positive) 2 95% (20/21) 

Protein-to-creatinine ratio (PCR) 2 81% (17/21) 

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease. 

Table 3 

Timing for monitoring kidney function. 

Proposed statements Voting results 

Number of ballots Votes at last ballot (n/N) 

For all IBD patients 

At the IBD diagnosis 1 95% (19/20) 

Annually, for EIMs screening and evaluation of treatment tolerance 1 100% (20/20) 

Prior introducing a new IBD treatment 1 75% (15/20) 

For patients treated with 5-ASA 

3 months after initiating the treatment, then every 6 months 1 84% (16/19) 

For patients treated with biologics 

Annually 1 94% (16/17) 

EIM, extra-intestinal manifestation; IBD, inflammatory bowel disease; 5-ASA, 5-aminosalicylic acid. 
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onitoring, and to guide the discussion and votes. Before start- 

ng the meeting, experts warned about the tolerance of the pro- 

osed monitoring and the need for easy-to-use tools in daily clin- 

cal practice to ensure the best adherence by our patients. Par- 

icipants also felt that the age of patients should be taken into 

ccount in the interpretation of kidney function [30] . Statements 

ith agreement among the participants are listed in Tables 1 to 3 

ccording to different chapters of the consensus (criteria for refer- 

al to the nephrologist, tools for the kidney function monitoring, 

nd timing of the kidney function monitoring). Statements that re- 

uired amendment before agreement or that were excluded are 

hown in Supplementary Table 1 . 

.1. Criteria for referring to the nephrologist ( Table 1 ) 

In a practical way, the panel discussed the definitions of acute 

idney injury (AKI) and chronic kidney disease (CKD) as estab- 

ished by KDIGO and whether they could be used in the setting of 
311 
BD patients. Regarding AKI, the KDIGO provides definitions with 

pecific cut-offs. Howe ver, these cut-offs are based on epidemio- 

ogic studies and are validated for intensive care patients. Patients 

ith IBD are mainly followed on an outpatient basis. Experts stated 

hat for outpatients, significant change in kidney function is a bet- 

er approach to define an acute event that may reflect kidney in- 

ury and suggests referring to the nephrologist. They further val- 

dated that serum creatinine is the most affordable and easiest 

arker in this setting. Statements were therefore amended prior 

o the vote. The panel validated the requirement of baseline serum 

reatinine at baseline (90%) and a 30% increase in serum creati- 

ine from baseline (90%) as the definition of a significant change 

n kidney function. Regarding CKD, experts agreed with definitions 

ublished in the KDIGO recommendations, which are presented in 

ig. 1 . 

Compared to KDIGO recommendations, some criteria to refer to 

he nephrologist were discussed and adjusted to a clinical outpa- 

ient practice. In accordance with previous discussions, participants 
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Fig. 1. Classification and prognosis of chronic kidney disease from the KDIGO. 

CKD, chronic kidney disease; GFR, glomerular filtration rate; 

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high risk; Red, very high risk. 

Reproduced from Kidney Disease: Improving Global, Outcomes (KDIGO) CKD Work Group. Kidney inter Suppl. 2013; 3: 1–150. 
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ccepted to refer to a nephrologist in case of significant change 

30%) in serum creatinine (89%). Experts felt that considering age 

long with estimated glomerular filtration rate (eGFR) is critical to 

roperly refer patients. Hence, the experts panel have proposed 

ge-specific thresholds of eGFR for which it is necessary to refer 

30] . The panel unanimously accepted to refer patients with an 

GFR < 60ml/min/1.73m 

2 in patients aged 45 to 65 years (100%) 

nd an eGFR < 45ml/min/1.73m 

2 in patients older than 65 year- 

ld (100%), and almost unanimously for patients with an eGFR 

 75ml/min/1.73m 

2 in patients younger than 45 year-old (94%). 

he presence or onset of albuminuria ( > 30mg/g) or protein- 

ria ( > 150mg/g) were also validated (78% and 83%, respectively) 

s criteria requiring nephrological expertise. Participants unani- 

ously accepted to refer patients to the nephrologist for a sus- 

ected drug nephrotoxicity (100%). Experts agreed with the follow- 

ng criteria (84%): a suspected kidney-related EIM, a first episode of 

ephrolithiasis and an onset of microscopic hematuria. Finally, the 

resence of a persistent hypo- or hyperkalemia was also a criterion 

idely validated (89%) to refer patients to the nephrologist. 

.2. Tools for monitoring kidney function ( Table 2 ) 

First, blood testing tools were discussed by the panel. Experts 

nanimously agreed to use serum creatinine concentration (100%). 

hey also highlighted that the measurement method (enzymatic or 

affe) and the machine must be the same during follow-up of pa- 

ients to avoid bias. Participants also broadly validated GFR estima- 

ion via calculation from serum creatinine among MDRD (Modifica- 
312 
ion of Diet in Renal Disease) or CKD-EPI (Chronic Kidney Disease 

pidemiology Collaboration) (89%). These two equations present 

dvantages and limits, but no data are available on the optimal 

pproach in the field of IBD. In addition, experts considered that 

hysicians should always use the same equation during the follow- 

p of a specific patient. Of note, in general population, the CKD-EPI 

quation is recommended by the KDIGO [29] . A blood ionogram 

ncluding natremia and kalemia was also validated (84%) by atten- 

ees. 

Second, urinary tools were debated. Regarding collection meth- 

ds, participants almost unanimously adjudicated (95%) that a 

rine sample (to be checked within 3 months if positive) is the 

est approach for patients screening. A 24-hour urine collection 

nd a urine dipstick did not reach consensus (0% each). Indeed, 

dherence to a 24-hour collection is poor in clinical practice, es- 

ecially if it needs to be repeated. Urine dipstick is an easy tool, 

ut it mainly detects albuminuria and need to be completed by 

rotein-to-creatinine ratio (PCR). Experts validated to perform a 

CR on the urine sample (81%), while the albumin-to-creatinine 

atio (ACR) did not reach consensus (67%). ACR is currently rec- 

mmended by the KDIGO guidelines [29] , but kidney injury in IBD 

re predominantly tubulo-interstitial and not glomerular, therefore 

CR is less relevant in this context. For PCR, experts nephrologists 

ecommended to use the cut-offs values of KDIGO guidelines 29 : 

ormal to mildly increased < 150 mg/g; moderately increased 150- 

00 mg/g; severely increased > 500 mg/g. Albuminuria and cre- 

tininuria performed alone were not validated by the panel (14% 

nd 0%, respectively). 
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Fig. 2. Recommendations for monitoring kidney function in IBD patients. 

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; EIMs, extra-intestinal manifestations, IBD, inflammatory bowel diseases; eGFR, estimated glomerular filtration 

rate; MDRD, Modification of Diet in Renal Disease. 
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.3. Timing for monitoring kidney function ( Table 3 ) 

First, attendees debated the timing for all IBD patients, with- 

ut considering ongoing treatment. Experts almost unanimously 

greed with an evaluation at the IBD diagnosis (95%). They unani- 

ously validated an annual evaluation for EIM screening and eval- 

ation of treatment tolerance (100%). Indeed, the proposed tools 

or monitoring are accessible and non-invasive for patients. The 

anel did not reach consensus on a biannual evaluation in case 

f factors associated with CKD progression (20%), or an evaluation 

ased on CKD prognosis (40%). Indeed, the feeling was that a bian- 

ual evaluation may induce non necessary screening in many pa- 

ients. Participants validated an evaluation prior to any introduc- 

ion of a new IBD treatment (75%). 

Second, the monitoring for patients treated with 5-ASA was ap- 

roached. According to the literature data [27] , experts felt that 

n evaluation 3 months after the introduction of 5-ASA should be 

erformed. Considering the potential severity of tubulointerstitial 

ephritis and to avoid delays in diagnosis, participants agreed with 

he recommendations of the Food and Drug Administration hand- 

ook of mesalamine [ 31 , 32 ]. Hence, the panel reached consensus 

n an evaluation 3 months after starting of treatment, then ev- 

ry 6 months (84%). The other statements did not reach consensus 

 Supplementary Table 1 ). 

Finally, the monitoring for patients treated with biologics was 

iscussed. Although the safety profile appears reassuring with 

hese molecules, some case reports of nephrotoxicity are available 

n the literature, mainly with anti-TNF agents [ 11–13 , 33–36 ]. Ex- 

erts highlighted there is currently no recommendation for moni- 

oring kidney function with biologics therapies. The panel felt that 

n annual evaluation should be necessary, as previously validated 

y the panel in the general case. Attendees almost unanimously 

eached consensus on annually monitoring the kidney function 

94%). The other statements did not reach consensus ( Supplemen- 

ary Table 1 ). 
313 
. Discussion 

Approach to kidney function monitoring is an important part 

f the management of IBD patients considering the potential se- 

ere drug-related damage and the onset of EIMs [ 6 , 7 , 27 ]. Cur-

ent international guidelines lack guidance for gastroenterologists 

n this field [27] . The MONITORED initiative is the first consen- 

us addressing kidney function monitoring in the IBD setting. Over- 

ll, 23 recommendations were established to guide about when to 

ssess for kidney function and guidance to refer patients to the 

ephrologist, which are summarized in Fig. 2 . These guidelines 

ere based on a literature review [27] , international recommen- 

ations [ 28 , 29 ] and on French-speaking experts opinion guided 

hrough a Delphi process. Statements were mainly prepared based 

n the KDIGO recommendations [ 28 , 29 ], which are international 

uidelines from experts nephrologists to physicians. Since it was 

 French-speaking academic initiative with gastroenterologists and 

ephrologists, agreement incorporated diverse practice settings on 

he topics considered. Statements were discussed to be simple and 

pplicable for the daily clinical practice. While statements were 

reated based on literature evidence [27] and published guidelines 

 18–26 , 28 , 29 ], they also largely depict the opinion of expert IBD

hysicians. Therefore, 7 expert nephrologists, including one Belgian 

xpert (PD) and one Lebanese expert (SK), were invited to the con- 

ensus to guide discussions and ensure that proposed recommen- 

ations are). Although it is a French-speaking consensus, there is 

o reason not to extrapolate the statements, as they are simple 

nd adapted to the practice and the tools easily accessible. 

For monitoring kidney function, participants proposed to use 

erum creatinine concentration with an estimation of the GFR via 

DRD or CKD-EPI equations, a blood ionogram and a protein-to- 

reatinine ratio on a urine sample. These exams are easy and non- 

nvasive. The panel felt that this monitoring should be performed 

t the time of IBD diagnosis, prior starting a new treatment and 

hen annually. For patients treated with 5-ASA, an evaluation at 
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 months and then every 6 months was proposed, while for bio- 

ogics an annual assessment was decided. The nephrotoxicity with 

-ASA is rare and idiosyncratic, without dose or drug relation- 

hip. If most cases are diagnosed within the first 12 months, but 

t can be delayed [27] . An international multicentric study analyz- 

ng 151 cases of confirmed 5-ASA-induced nephrotoxicity reported 

hat the median time of kidney injury was 3 years after starting 

reatment [8] . Conversely, in a recent retrospective cohort study 

ased on a United Kingdom’s primary care database and including 

55,601 patients with IBD, no significant association was detected 

etween 5-ASA users and non-users [37] . However, this study had 

ome limitations: authors looked for “chronic kidney disease” and 

ot acute kidney disease; data came from medical records about 

rescriptions issued rather than dispensed; all confounding fac- 

ors were not taken into account [37] . A sporadic or weak nephro- 

oxic effect of 5-ASA could not be excluded with this study. On 

he other hand, it has been shown that 5-ASA-induced nephrotox- 

city can lead to end-stage kidney disease, especially in cases of 

elayed diagnosis and even after treatment withdrawal [ 6 , 7 ]. Rec- 

mmendations of these patients’ follow-up was discussed accord- 

ng to this risk. Accordingly, kidney function of IBD patients should 

e closely monitored. Data on biologics-related nephrotoxicity are 

carcer, but cases of tubulointerstitial nephritis, glomerulonephri- 

is or nephrotic syndrome in patients with IBD have been reported 

 11–14 , 34 , 35 ], justifying a monitoring. The MONITORED consensus 

id not provide an exhaustive treatise on when referring IBD pa- 

ients with kidney injury. The panel relied mainly on KDIGO rec- 

mmendations [ 28 , 29 ]. However, according to suggestions of ex- 

ert nephrologists, some statements were excluded or modified to 

e consistent with the current nephrologic clinical practice. Thus, 

he panel identified 11 patient referral situations to the nephrolo- 

ist ( Fig. 2 ). 

In conclusion, the MONITORED initiative provides a frame- 

ork for properly monitoring kidney function of patients with IBD 

nd referring them in appropriate situations. Collaboration with 

ephrologists is critical to prevent and limit kidney complications 

long the course of IBD. Adherence to the presented recommen- 

ations should guide gastroenterologists in their clinical practice. 

urther work is needed to evaluate whether the compliance with 

hese guidelines impact kidney prognosis in IBD. 
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