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AcH yas LI a RQFYUGSOSRSyl(a aArayaTF;
AFiévre dyspnée arthralgies depuis 6 jours

ADFGe f QS y mldh8.73M2 y H

AArthrite sternoclaviculaire

AHémocultures positives 8.agalactiae

AETT: Endocardite infectieuses

ATTT: Amoxicilline 200 mg/kg/j + gentamicine 3 mg/kg/|
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AElle développe des douleurs lombaires, des signes de cystite, et une
hématurie vers J4 de traitement.
AQue faitesvous?
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ALe lendemain elle est oligurique, en OAP, créatinine 373 pmol/l, va
nécessiter une dialyse.
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HentzienM et al. The Lancet 2015
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Introduction

A Cristalluriemédicamenteuse

i Définie comme la présence de cristaux, microscopiques ou
YF ONRAO2LAIdzSE RQ2NAIAYS YSRAOI
fraiches.

I Généralement demvie courte et élimination rénale

A Nombreux antinfectieux impliqués

I Certains bien connus
i5Ql dziNbFa Y2AVYa

Fogazz(GB et al. Tharinarysedimentcan
integratedview. 3rd Edition. 2010
DaudonM. Nephrolther 2015



Introduction

A Expression clinique variée

I Asymptomatique

I Cristalluriemacroscopique

I Lithiase

I Hematurie

i{fAIYySa ROQANNAROGFIOGAZY OSa
Insuffisance rénale aigué

APrécipitationintratubulaire ou obstructive
AParfois sévere

Figure 6 Calcul d'amoxicilline.



Facteurs favorisant

A Favorisant la sursaturation urinaire

I Facteurs augmentant la concentration médicamenteuse urinaire
AHypoalbuminémie
ASurdosage / doses élevées / bolus
A Déshydratation/faible diurése
Alnsuffisance rénale
I Facteurs physicochimique
ApH urinaire (bas ou élevé selon le médicament)
I Déficit en inhibiteurs

Fogazz(GB et al. Tharinarysedimentcan
integratedview. 3rd Edition. 2010



Comment la rechercher ?



Comment la rechercher ?

APrélévement urinaire
I Sur les premieres urines du matin
I Pot envoyé (Pas de mise en tube)
I Acheminé en moins de 2h au laboratoire
I pHmetre+ densité urinaire
I Homogénéisation par retournement
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Principaux médicaments pourvoyeurs de
cristalluriemédicamenteuse?




Principaux médicaments pourvoyeurs de

cristalluriemédicamenteuse

A Anti-infectieux

Sulfadiazine
Sulfamethoxazole
Indinavir
Atazanavir
Darunavif
Amoxicilline
ceftriaxone
Ciprofloxacine
Norfloxacine
Aciclovir

A Autres

Mesalazine
Triamterene
Piridoxylate
Primidone
Naftidrofuryl
Vitamine C
Orlistat
Felbamate
Methotrexate

DaudonM et al.Drugs2004

Fogazz(GB et al. Tharinarysedimentgan
integratedview. 3rd Edition. 2010
Delastoursv. JAC 2013

DaudonM. Nephrolther 2015

Mouche A et alKidneyint 2025



Birefringent "shocks of wheat" or
"shells” with radial striations and

Sulfadiazine

* Amoxicillin

Ciprofloxacin

Acyclovir

Indinavir

Triamterene
Piridoxylate
Primidone

Naftidrofuryl
oxalate

Vitamin C

Orlistat

Felbamate

amber colour

Birefringent needles,
"shocks of wheat",
"broom bush-like"

Birefringent needles, "stars”,

"sheaves”, "fans”, "butterflies”,
etc.

Birefringent needles with sharp or

blunt extremities

Birefringent irreqgular plates,

"crosses”, "stars”, "fans”, etc.

Birefringent coloured spheres
(brown, green, orange, red)

Asymmetrical hexagons
Birefringent hexagons

Birefringent monohydrated
calcium oxalate

Birefringent monohydrated
calcium oxalate

Calcium oxalate
(?mono- or 7bi-hydrated)

(?Birefringent) sharp needles
isolated or in clumps

Asymptomatic crystalluria,
haematuria, acute renal
failure, obstructive uropathy

Isolated crystalluria,
haematuria, acute renal
failure, obstructive uropathy

Isolated crystalluria, acute renal
failure, obstructive uropathy

Asymptomatic crystalluria,
acute renal failure, haematuria
and leukocyturia

Asymptomatic crystalluria,
acute renal failure, obstructive
uropathy, sterile leucocyturia,
interstitial nephritis

Asymptomatic crystalluria,
?acute renal failure

Urinary stones

Asymptomatic crystalluria,
transient haematuria

Asymptomatic crystalluria,
acute renal failure

Crystalluria, haematuria,
acute renal failure

Acute renal failure

Haematuria, acute renal failure

DaudonM et al.Drugs2004

FogazzGB et al. Tharinarysedimentcan integratedview. 3rd
Edition. 2010

Delastoursv. JAC 2013

DaudonM. Nephrolther 2015



Quelle incidence ? Quel impact ?



Amoxicillin crystalluria in patients receiving high
doses of intravenous amoxicillin: incidence,
assoclated factors and impact on renal function,
the CRISTAMOX study
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Introduction - objectives

A Amoxicillin crystalluria (AC)

I Is a potentially severe side-effect of a very frequently prescribed

antibiotic

A Symptoms: asymptomatic, hematuria, lumbar pain, lithiasis, sludge with ureteral
obstruction, macroscopic crystalluria, acute kidney injury (AKI)

I Occurs typically in low pH 1 high density urines
I Its incidence was unknown
A But it was increasingly reported in Europe and the U.S.

A Obijectives:

Amoxicillin calculus

I Main: To evaluate AC incidence in patients treated with high-dose intravenous

amoxicillin (HDIVA)

I Secondary: To identify factors associated with AC and to evaluate its impact on the

risk of AKI

Hentzien M et al. The Lancet 2015

Daudon M. Nephrol ther 2015, Daudon M. Drugs 2004, Gatti M et al. J
Nephrol 2021, Fogazzi GB et al. The urinary sediment 7 an integrated
view. 3rd Edition. 2010



Methods

A Study design

multicentre, observational
cohort study (2014 7 2019)

A Study population:

Adults treated with high-dose IV
amoxicillin (>150 mg/kg/d)

A Initiated at most 48 hours before the
admission in a study center

A In North-East of France

And who had at least one AC
search

ity

K 4
5

-

AC search

Participating centers had
progressively implemented since
2014 routine AC search at day 3, 7
and 14 and in case of hematuria or
AKI after high-dose IV amoxicillin

Initiation 20



Methods

A Analysis of factors associated with the occurrence of amoxicillin
crystalluria:

I repeated measures univariable logistic regression model

A Factors associated with the occurrence of AKI:
i AKI defined as KDI GO O1 (>50% i ncre
I Cox model (with AC as a time-varying covariate)



Study population

A Screened: 154

A Included: 112

Screened patients
154

Excluded patients

- daily dosage < 150 mg/kg (n=11)

- treatment initiated more than 48 hours before admission to the inclusion

department (n = 13)

- absence of AC research during the treatment (n = 13)
- patients already included during a previous hospitalization (n=5)

| 42 |

_ 1

Patients finally
included

Age (years) (meanzsd)

Indications for high -dose amoxicillin

Intravenous treatment duration (days) ( meanzsd)

Associated antibiotics during amoxicillin course

Aminoglycosides

Other treatments received at amoxicillin initiation

ACE inhibitors

66.9
73
28.0
25
112
92
26
14.0
5.0
22.5

71

20

32

23

22

Characterlstlcs

(%)
+16.0
(65.2)

+6.9
(22.3)

(100.0)

(75.4)
(23.2)
+3.2
+1.4
+21.0

(63.4)
(17.9)

(28.6)

(20.5)



Results - Incidence

Crystalluria Missing data
N

% [95%Cl]
At least one positive crystalluria 27 24.1 [16.2-32.0] 0

Positive crystalluria at D3 + 1d 18 21.7 [12.8-30.6] 29
Positive crystalluria at D7 £ 2d 6 9.4 [2.2-16.5] 48
Positive crystalluria at D14 + 2d 4 12.9 [1.1-24.7] 81

Positive crystalluria in other searches 1 12.5 [0.0-35.4] 104

A AC occured early, within a mean time of 5 days

23



Results T factors associated with
AC

A Factors associated with AC by univariable
analysis
i ACE inhibitor intake:
A OR=4.6; 95%CI [2.2-9.3], p<0.0001
I Age (per 1-year increase):
A OR=1.04; 95%CI [1.01-1.06], p=0.01

I Urinary pH (urinary dipstick - per decrease of 1 point of pH)
A OR=2.13; 95%CI [1.21-3.74], p=0.009

I (Hematuria)
A No protective factors were found



Results I impact on renal function

Univariable analysis Multivariable analysis
HR [95%CI] p value HR [95%Cl] p value

Initial amoxicillin daily dosage (per 1 g/day) 1.09 [0.95-1.25] 0.23

Initial plasma creatinine value (per 1 pmol/L) 1.00 [0.99-1.01] 0.98 o5

Amoxicillin  crystalluria 8.65 [2.91-25.67] 0.0001 7.41 [2.48-22.16] 0.0003

105(100110] 004
AR oocured oty o
Secure P
1800 of copma i
441[1.25-1565] 002  3.43[0.96-12.28]  0.06

250[0.33-10.11] 038
after a mean 173[0.48-6.19] 040
time of 10 3.80 [0.50-29.07]  0.20
days after 222[0.79-624] 013
treatment 1.39 [0.49-3.90] 0.53
Initiation 1.46 [0.50-4.29] 0.49
(5 days after 0.91[0.21-4.03]  0.90
AC) 2090271599 0.8

nital_ amoricilin_daily dosage (per 1giday)

il plasma creatiine value (per 1umoll)

pmedln evsEE




Discussion

A AC incidence was 24% in Cristamox

I Other cohorts
A 44% (n=34, infective endocarditis) samme v et al. Nephrol Dial Transplant 2021
A 22% (n=32, infective endocarditiS) Tamisier N et al. Wed Mal Infect 2019
A Only one other study assessed the impact of AC
on AKI (n=34)
I Cause-specific hazard = 7.4, p = 0.00bre v et al. nephrol Dial Transplant 2021

A No study to date has assessed the association
between ACE inhibitors and AC



Strengths and limits

Strengths Limits

A Systematic AC search, A Some patients did not have
regardless of the presence AC search at all timepoints
of symptoms A Observational design, with

A Multicenter some data was collected

A Largest number of patients retrospectively
to date A No reliable data on

A All HDIVA indications amoxicillin plasma levels

A Lack of power for predictive
factors



Conclusion and perspectives

AC, when searched systematically , occured In about
one quarter of patients and was highly predictive of AKI

This advocates for a systematic repeated AC search at the
beginning of HDIVA.

The effect of preventive measures remains to be determined
by a randomized clinical trial using urine alkalinization or
using an antibiotic alternative in case of AC

The role of ACE inhibitors has to be confirmed
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mini review Pathophysiology of AC and AICN

www.kidney-international.org

Amoxicillin crystalluria and amoxicillin-induced Tubular secretion of AMX
crystal nephropathy: a narrative review AMX is freely

filtered, unchanged

Dominique Vodovar'#?, Cyril Mousseaux™>®, Michel Daudon®’, Matthieu Jamme®® and
5,6,7

Emmanuel Letavernier
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: with cloudy, finely granular urine, but the

! appearance of the urine may be normal
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" Figure 2| Kidney biopsy of a patient with amoxicillin-induced crystalline nephropathy. (ab) Aspect of amoxicillin trihydrate crystallites proteinuria
in polarized light, on a frozen section of a biopsy from a patient with amoxicillin-induced crystalline nephropathy. Some crystalline aggregates =  AMX trihydrate crystals
have a broom-like or egret-like appearance (a), while others have a square or rectangular appearance (b). (¢, d) Electron microscopy Macro/Microscopic
appearance of amoxicillin trihydrate crystallites on the same biopsy, revealing asymmetric aggregation of sometimes striated and truncated ;

e b PR p sy 9ore9 ®  Redblood cell hematuria
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Amoxicllin trihydrate

Tubular protein
crystals
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\,
Figure 1| Pathophysiology of amoxicillin-induced crystal nephropathy (AICN). AC, amoxicillin crystalluria; AKI, acute kidney injury; AMX,
amoxicillin; HDIV-AMX, high-dose i.v. amoxicillin. Created with BioRender.com.




Step by step diagnosis of AICN in patients
treated with HDIVA

AKl in a patient receiving
HDIVA ?

No

[ AICN iikely 3 AICN less lkely

-~ GED + Hypovolemia -
2 Augmented renal clearance?
' ] |
o
00 P ood
| [ AICN likely  J AICN less likely

> ez

) Wes | & ( AKI occurs after initiation of HDIVA 2 ) N0 ¥ Y NOAICN )
5 -
oly obser ( observed with the naked eye
or greater than HDIVA therapy ?
< Risk factors for AC )
* Acidic urine pH

Test for AC
r alkhia ﬁ
+ High AMX blood levels

Sudden macroscopic hematuria AND
Cloudy urine OR AMX crystals
7" Concomitant administration of nephrotoxic X
drugs with a causality assessment equal to l@* AICN less likely
O0—DO—9 i
* Rapid administration of
i.v. amoxicllin

The definitive diagnosis relies on the
identification of AMX crystals in a
kidney biopsy.

However, this procedure is rarely performed
in practice.

The diagnosis is therefore presumptive, at
best supported by the rapid improvement in
kidney function upon stopping or reducing
the doses of amoxicillin.

Discuss the possible causes of AKI other than AICN.

The main challenge is to rule out the diagnosis
of sepsis-induced AKI.

Notably,

« The concomitant development of at least
new organ dysfunction(s) is more likely to
suggest sepsis-induced AKI.

* The onset of AKI more than 7 d after
the onset of sepsis rules out the
diagnosis of sepsis-induced AKI.

The main challenge is to rule out the diagnosis
of AMX-induced acute interstitial
nephritis. It is usually associated with extra
nephrological symptoms (fever, skin rash,
arthralgia) and abnormal laboratory tests (liver
enzyme abnormalities, hypereosinophilia).

Much rarer, the diagnosis of AMX-
induced leucocytoclastic vasculitis should be
considered in the presence of purpura,
arthralgia, or bowel angina.

VodovarD et al.Kidneyint 2024

Figure 4 | Step-by-step diagnosis of amoxicillin-induced acute kidney injury (AICN) in patients treated with high-dose i.v. amoxicillin 37
(HDIVA). AC, amoxicillin crystalluria; AICN, amoxicillin-induced crystal nephropathy; AKI, acute kidney injury. Created with BioRender.com.



Considérations pratiques

AvdzSt S Said 1 TNBI dzSy CcBstalutiséridspistagd ? RS NE

AComment prévenir uneristallurie?
A Posologies adaptées, administration sur une heure, pas plus de 2g a la fois.
A Arrét des IEC?
A Majoration des apports hydrosodés?
A Alcalinisation systématique?

AMais surtout, scristallurie quelles mesures a prendre?
A Relais par un antibiotique moins néphrotoxique ? Ceftriaxone ? (mais impact écologique)
ASAYAYdziAzy RS 1 Llaz2f23AS RQIY2EAOAfTfAYS K
A Alcalinisation des urines ?
A Majoration des apports hydrosodés?

Al LILIZNIa SO FtEOFtAyAalaA2y Y LI & Tl OAf S
prouvé a ce jour



Autrescristalluriesau cours des antnfectieux



Ceftriaxone

26 - Ceftriaxonate de calcium
(aiguilles agrégées en massues)
pH60a7,5

A Basset M et alCytopathology2025



Sulfadiazine

ApH<5,5

Figure 4 Caloul pur de N-acétylsulfadiazine de morphologie
et de couleur caractéristiques.

FIGURE 3.1 A crystal of sulfadiazine with typical FIGURE 3.2 Strongly birefringent sulfadiazine crys- FOQ&ZZGB et al' Tharlnary
shape (“shock of wheat”) and striations (phase con- tals (polarized light, x 256). sedimentqan integratedview.

trast, x 400). 3rd Edition. 2010



Sulfadiazine

29 - N-acétylsulfadiazine 30 - N-acetylsulfadiazine (aiguilles agregees)
(aiguilles agrégées en éventails) pH5,84a6,8
pH584a6,8




Sulfamethoxazol

ApH<5,9

27 - N-acétylsulfaméthoxazole, HCI (losanges)
pH 5,2 a6,2

DaudonM et al. Ann Biol Clin 2004.
CapaldaC et al. Ann Biol Clin 2021
AzencoRR et al.SciRep 2024
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Sulfamethoxazole:,

A AzencotR et al SciRep 2024
A Morgan K et al. Am J CHixpUrol 2024




Indinavir

ApH>6
A Prévalence
i 60% a pH>7,5
i 12,7% a pH=5,0

Fogazz(GB et al. Tharinary
sedimentcan integratedview.
3rd Edition. 2010

31 - Indinavir monohydraté 32 - Indinavir monohydraté )
(aiguilles agrécﬁ'es en pla:;{ues striées) (lamelles agrégées en larges plaques) Gagnon RF et al. Clnephrol2006
&)

55480 pH55a8,0



Indinavir

FIGURE 3.17 Indinavir crystal with the shape of ir- FIGURE 3.18 The same crystals by polarized light
regular plates (phase contrast, x 16o). fx 160).

v -
FIGURE 3.13 A “star-like™ crystal and plates of indi- FIGURE .14 The same crystals by polarized light
navir (phase contrast, X 400). 4o,

Figure 2 Calcul d"indinavir.

Fogazz(GB et al. Tharinary
sedimentcan integratedview.
3rd Edition. 2010

FIGURE 3.15 Several crystals of indinavirwith differ-  FIGURE 3.16 The same crystals by palarized Eight Servais A et al. Aurol 2004

ent shapes and sizes (phase contrast, x 16a). fx 160).
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Atazanavir

A HaraM et al. ClirkidneyJ 2015



