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I. Introduction  
L’amoxicilline peut être responsable d’épisodes d’insuffisance rénale aigue (IRA) par deux 

mécanismes principaux : des réactions immuno-allergiques ou des cristalluries, responsables 

d’atteintes interstitielles aigues ou de nécroses tubulaires aigues.  

Les IRA secondaires à des cristalluries sont la conséquence de la cristallisation de l’amoxicilline 

dans les tubules rénaux. Rapportée exceptionnellement dans la littérature autrefois, cette 

complication survient principalement lorsque l’amoxicilline sodique est administrée par voie 

parentérale et à forte dose (> 8g/jour). Depuis 2010, la fréquence de cette complication semble en 

nette augmentation sur les données des Centres Régionaux de Pharmacovigilance (Figure 1) (1). 

 

Figure 1 : Evolution du nombre de cas de cristalluries notifiées aux spécialités à base d’amoxicilline sodique en France depuis 
1985 (tiré du Rapport d’expertise, enquête officielle, ANSM 2017) (1) 

 

II. Amoxicilline : généralités  

 
L’amoxicilline est un antibiotique de la famille des bétalactamines du groupe des 

aminopénicillines ou pénicillines du groupe A. Il s’agit de la molécule de référence de la classe des 

pénicillines (2, 3).  
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A. Pharmacodynamie 
L’amoxicilline est caractérisée par un cycle B-lactame (figure 2) indispensable à son activité 

biologique (2).  

 

 
Figure 2 : cycle B-lactame (4) 

 

Elle exerce son action par diffusion passive dans les bactéries gram+ et par passage de la 

membrane externe des porines dans les bactéries gram-, puis par inhibition compétitive des 

« protéines liant des pénicillines » ou PLP (transpeptidases et carboxypeptidases) assurant la 

synthèse de la paroi bactérienne. (2)  

L’effet bactéricide des pénicillines intervient donc par inhibition de la synthèse de la paroi 

bactérienne.  

L’amoxicilline est disponible sous deux formes (Figures 3 et 4) :  

- Amoxicilline sodique pour les spécialités injectables (IM/IV) 

- Amoxicilline tri-hydratée pour la voie orale.  (2,3)  

 
Figure 3 : Amoxicilline sodique (5)                                          Figure 4 : Amoxicilline tri-hydratée (6)  
 

 
 
 
 
 
 
 
 

B. Pharmacocinétique  
L’amoxicilline diffuse facilement dans la plupart des tissus et liquides biologiques (20-30% dans 

le LCR). Sa demie- vie est généralement courte (3).  
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L’élimination s’opère au niveau rénal par filtration glomérulaire et sécrétion tubulaire. Elle est 

éliminée sous forme active dans les urines (75% en 6h) et dans la bile (5 à 20%), passe à travers le 

placenta et dans le lait maternel (3). 

Le taux de liaison de l’amoxicilline aux protéines plasmatiques est de 17% et sa demie- vie 

plasmatique chez le sujet dont la fonction rénale est normale est en moyenne de 1h. Chez le patient 

anurique, elle est de 16h, alors que chez le patient hémodialysé elle est de 3,6h (1).  

L’élimination de l’amoxicilline se fait à 70 à 80 % dans les urines sous forme active non 

métabolisée, mais il faut noter que l’excrétion de la forme active d’amoxicilline est fonction du pH 

urinaire : elle est de 63 % si les urines sont acides et de seulement 32% si le pH est alcalin. Dix à 20% 

de l’amoxicilline est transformée en acide pénicolloïque et est retrouvée dans les urines. Enfin 5 à 

10% de l’amoxicilline active est excrétée dans la bile (1). 

 

C. Spectre d’action  
Les aminopénicillines ou pénicillines du groupe A ont un large spectre d’action. Elles sont actives 

sur : 

- Les streptocoques et pneumocoques, Neisseria (gonocoques, méningocoques), 

bacilles Gram positif (Bacillus anthracis, Corynebacteriu diphtariae, Erysipeothrix, Listeria), 

spirochètes (Borrelia, Leptospira, Treponema), Streptobacillusmoniliformis, spirillum minus, 

Pasteurella multocida. 

- Les anaérobies stricts (Actinomyces, Clostridium, Fusobacterium, Peptococcus, 

Peptostreptococcus). 

- Certains bacilles Gram négatif : Escherichia coli, Proteus mirabilis, Salmonella, 

Shigella, Brucella, Haemophilus iinfluenzae, bordetella, Eikenella corrodens, Pasteurella, 

Vibrio cholerae  

Elles ont une meilleure activité biologique sur les streptocoques et les entérocoques (1-3). 

 

D. Indications  
Son utilisation est indiquée : 

- Au cours des infections à germes sensibles dans leurs localisations ORL (otite, sinusite, 

angine), stomatologiques, broncho pulmonaires, rénales, uro-génitales, biliaires, digestives, 

méningées, endocardiques, septicémiques (1, 3).  
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- Au cours du purpura fulminans, de la maladie de Lyme (traitement de la phase primaire et 

de la phase primo-secondaire), en prophylaxie de l’endocardite bactérienne, la fièvre 

typhoïde, la brucellose (1, 3)  

 

E. Principales contre-indications et effets indésirables 
Les principales contre-indications à l’utilisation de l’amoxicilline sont : 

- les allergies connues aux bétalactamines. 

- la mononucléoses infectieuses (risque accru d’éruptions cutanées) (3)  

Les effets indésirables de l’amoxicillines sont multiples. Les principaux sont :  

- Des réactions d’hypersensibilité, réactions allergiques, urticaires, exanthèmes maculo-

papuleux, œdème de Quincke, voire choc anaphylactique. 

- Des rashs possibles lors d’une infection par un virus du groupe Herpès (monocluéose 

infectieuse notamment) ou en cas d’association à un hypouricémiant tel que l’allopurinol 

- Des troubles gastro- intestinaux (nausées, vomissements, diarrhées) 

-  A fortes doses chez les insuffisants rénaux : encéphalopathie (vertiges, hallucinations, 

troubles de la conscience, convulsions) 

- Rarement : néphropathies de mécanismes immunologiques ou des cristalluries (1-3,7).  

 

III. Cristallurie : généralités 

A.  Définition de la cristallurie médicamenteuse. 
La cristallurie désigne la présence de cristaux dans les urines. Elle n’est pas le marqueur d’une 

atteinte rénale, mais est la conséquence d’une sursaturation urinaire pouvant être à l’origine de 

lésions et d’altérations de la fonction rénale ou de processus lithiasiques (1).  

Les facteurs favorisant la survenue de cristalluries médicamenteuses sont :  

- Des posologies élevées de médicaments. 

- Une demi-vie courte du traitement entrainant des pics de concentrations urinaire élevées.  

- Un pH urinaire acide : plus le pH urinaire est acide plus l’élimination de la forme active est 

rapide. 

- Une faible diurèse. 

- Une faible hydratation (1,7). 
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Le traitement des cristalluries médicamenteuses repose avant tout sur l'arrêt du médicament 

responsable ou la diminution de sa posologie, l’hydratation afin de majorer la diurèse et la dilution 

urinaire du médicament et, éventuellement, l’alcalinisation des urines (1).  

 

A. Cristalluries secondaires à l’amoxicilline 
 

Le premier cas de cristallurie à l’amoxicilline a été rapporté par Sjovall et al en 1985 dans une 

étude menée chez des volontaires sains dans le but d’étudier l’excrétion rénale de l’ampicilline et 

de l’amoxicilline (8). Les premières descriptions d’insuffisance rénale aigue secondaire à une 

cristallurie à l’amoxicilline datent de 1999 (9). A ce jour, une vingtaine de publications scientifiques 

rapportent des cas isolés ou groupés d’IRA par cristallurie secondaires à l’amoxicilline chez l’adulte 

et l’enfant (10, 12) 

La survenue d’une IRA secondaire à une cristallurie au cours d’un traitement à l’amoxicilline par 

voie intraveineuse est donc une complication connue dont l’incidence reste toutefois rare, mais 

assez mal estimée. 

Les études récentes menées par les CRPV d’Ile de France (13, 14), auxquelles a fait suite une 

enquête officielle diligentée par l’ANSM, ont permis de préciser le contexte et l’évolution des cas 

déclarés de cristallurie à l’amoxicilline en France (lien).  

 

  Au cours de l’enquête de l’ANSM, 180 cas ont été analysés, la majorité étant survenue entre 2010 

et 2016 : 

- 127 patients ont reçu de l’amoxicilline sodique seule.  

- 49 cas ont reçu l’association amoxicilline/ acide clavulanique.  

- 4 cas ont reçu les deux traitements à la fois (1).  

 

Nous nous reposons principalement sur les données de l’enquête de l’ANSM dans les paragraphes 

ci-dessous. 
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1.  Facteurs favorisants  

Comme pour toute cristallurie médicamenteuse, la formation de cristaux d’amoxicilline 

nécessite une sursaturation des urines. 

Les facteurs suivant de sursaturation étaient fréquemment observés dans les cas étudiés : 

- faible diurèse ou d’une déshydratation possiblement favorisée par le jeune préopératoire. 

- forte posologie d’amoxicilline (cela concernait 61% des patients traités en curatif, dont 33% 

étaient en surdosage). 

- pH urinaire acide : plus le pH urinaire est acide plus l’élimination de la forme active 

d’amoxicilline est importante et rapide (39% des patients)  

- administration concomitante de médicaments néphrotoxiques :  aminosides, quinolones, 

aciclovir ou valaciclovir, produits de contraste, AINS, ARA II, IEC. Quarante % des patients 

de l’étude de l’ANSM recevait un autre néphrotoxique.  

- Mode de préparation et ou d’administration non conforme aux recommandations (entre 15 

et 52% des cas)  

2.  Étude des urines en microscopie  

 

L’étude de l’urine au microscope permet de voir les cristaux d’amoxicilline tri hydratée qui se 

présentent sous la forme d’aiguilles ou de fines baguettes à bout carré, incolores, disposés en tous 

sens. Ils sont souvent de grandes tailles et parfois agglomérées en « branches de genêts » et 

retrouvés dans les urines (1,15). 

La détection de cristaux d’amoxicilline lors de l’épisode d’IRA est considéré comme un critère 

diagnostic majeur.  

 

 

 
 
 

 

 Figure 5 : cristaux d’amoxicilline tri hydratée (10)  
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3. Manifestations cliniques  

Cliniquement, la cristallurie peut être à l’origine d’une insuffisance rénale aigue notamment par 

obstruction tubaire, se manifestant parfois par une hématurie macroscopique et une oligo-anurie 

dans les formes sévères (1, 7, 15). Le délai de survenue était généralement de 7 jours pour un 

traitement curatif à forte dose (> 8g/jour) ou en 1 à quelques heures après l’administration du 

traitement en prophylaxie dans l’étude de l’ANSM. La créatininémie maximale moyenne était de 

437 µmol/L et la clairance de la créatininémie moyenne de 13 mL/min/1.73m2.  

L’évolution était le plus souvent favorable, avec un retour à la créatininémie de base à l’arrêt de 

l’antibiotique ou après diminution de sa posologie. Le recours à la dialyse était fréquent (23%) (1, 

15). 

 

4.  Caractéristiques cliniques des patients.   

Dans les 180 cas analysés, l’âge moyen est de 62 ans. Il était de 67 ans chez les patients traités 

en curatif et 48 ans chez les patients traités en prophylaxie. Le Sexe ratio H/F était de 0,6.  

Les antécédents des patients ont été précisés pour 130 cas :  46% sont hypertendus, 19% sont 

diabétiques, 13% sont hypertendus et diabétiques et 13% présentent une dyslipidémie. Parmi les 

130 cas, 16 patients présentent une insuffisance rénale avant l’introduction du traitement par 

amoxicilline sodique.  

Dans le cadre d’un traitement curatif, l’amoxicilline sodique était indiquée principalement pour 

des endocardites ou suspicion d’endocardite (38%), des méningites ou encéphalites (32%), des 

bactériémies (16%) et des infection osseuses (14%).  

Dans le cadre de l’antibioprophylaxie, l’amoxicilline sodique était indiquée principalement en 

prophylaxie chirurgicale. Les posologies étaient très différentes entre le traitement curatif et 

l’antibioprophylaxie.  

Dans l’étude, 115 patients ont reçu de l’amoxicilline sodique en traitement curatif : 28% ont été 

traités avec une posologie de 12g/j, mais 38 patients ont reçu des doses plus fortes d’amoxicilline, 

³ 14g/j.  

Ces données permettent de conclure que la population traitée par amoxicilline sodique à forte 

dose était une population de patients âgés, présentant de nombreuses comorbidités. De nombreux 

patients présentaient par ailleurs des facteurs de risque de sursaturation de l’amoxicilline dans les 

urines (1).  
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IV. Objectifs du travail de recherche 
 

Des travaux récents font état d’une augmentation importante du nombre d’épisodes 

d’insuffisance rénale aigue (IRA) chez les patients traités par amoxicilline par voie intraveineuse. La 

toxicité rénale de l’amoxicilline est secondaire à une cristallurie, responsable d’une insuffisance 

rénale aigue parenchymateuse qui peut être sévère et nécessiter une épuration extra-rénale (15). 

Ces travaux, principalement issus des analyses de pharmacovigilance, montrent que la toxicité 

de l’amoxicilline est associée à son administration par voie intraveineuse et à une dose quotidienne 

souvent supérieure à 8 grammes par jour. L’utilisation de fortes doses d’amoxicilline est une 

pratique plus courante depuis plusieurs années pour le traitement d’infections sévères, 

principalement les endocardites, les infections ostéo-articulaires, et les infections méningées.  

 Les études disponibles émanent essentiellement des centres de pharmacovigilance et se basent 

sur les cas déclarés par les cliniciens. Malgré la constatation d’une augmentation de l’incidence des 

cristallurie à l’amoxicilline, il est possible que cette complication soit sous-estimée.  

 

Aussi, l’objectif de mon travail était d’étudier l’incidence de la cristallurie à l’amoxicilline dans 

une population exposée à de fortes doses d’amoxicilline par voie intraveineuse et d’étudier les 

facteurs de risque de cette complication. 
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Abstract	

Background.	Amoxicillin	 (AMX)-induced	crystal	nephropathy	 (AICN)	 is	 considered	as	a	 rare	

complication	of	high	dose	intravenous	(IV)	amoxicillin	administration.	However,	in	the	recent	

years,	 its	 incidence	 seems	 to	 be	 increasing	 based	 on	 French	 pharmacovigilance	 centers.	

Occurrence	 of	 AICN	has	 been	 observed	mainly	with	 IV	 administration	 of	 AMX	 and	mostly	

under	daily	doses	over	8	g.	Given	that	pharmacovigilance	data	are	based	on	declaration,	the	

real	incidence	of	AICN	may	be	underestimated.	Thus,	the	primary	objective	the	present	study	

was	to	determine	the	incidence	of	AICN	in	the	current	practice.	

Materials	and	Methods.	We	conducted	a	retrospective	study	between	the	01/01/2015	and	

31/12/2017	in	Angers	University	Hospital.	Inclusion	criteria	were	age	over	18	years-old	and	

administration	 of	 more	 than	 8g/day	 of	 AMX	 using	 IV	 route	 for	 more	 than	 24h.	 Patients	

admitted	directly	into	the	intensive	care	units	were	excluded.	Medical	records	of	patients	that	

developed	 KDOKI	 stage	 2-3	 AKI	 were	 reviewed	 by	 a	 nephrologist	 and	 a	 specialist	 in	

pharmacovigilance	 in	 a	 blinded	 fashion.	 AICN	 was	 retained	 if	 temporality	 analysis	 was	

conclusive,	 after	 exclusion	 of	 other	 causes	 of	 AKI,	 in	 absence	 of	 other	 nephrotoxic	 drug	

administration	and	if	evaluations	were	concordant.	

Results.	During	the	3-years	period	of	the	study,	1303	patients	received	IV	AMX	for	at	 least	

24h.	Among	them	358	(27.5%)	were	exposed	to	AMX	doses	over	8g/day	and	were	included.	

Patients	were	 predominantly	males	 (68.2%)	with	 a	mean	 age	 of	 69.1	 years-old.	 AMX	was	

administered	in	a	medical	context	in	78.5%	of	cases.	Patients	received	a	mean	dose	of	AMX	of	

11.2	g/day	 (153.9	mg/kg/day).	Seventy-four	patients	 (20.7%)	developed	AKI,	42	 (56.8%)	of	

KDIGO	stage	2	or	3.	Among	patients	with	KDIGO	stage	2-3	AKI,	AICN	diagnosis	was	diagnosed	

in	16	(38.1%)	patients,	representing	an	incidence	of	4.47%	of	patients	exposed	to	high	IV	AMX	

doses.	Only	female	gender	was	associated	with	an	increased	risk	of	AICN.	AMX	dose	was	not	

significantly	associated	with	AICN	development.	

Conclusion.	This	study	suggests	that	AICN	has	a	high	incidence	in	patients	receiving	high	IV	

doses	of	AMX	and	represents	one	third	of	AKI	causes.	Female	gender	appeared	as	the	sole	risk	

factor	for	AICN	in	this	study.		
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Introduction.	

Amoxicillin	 (AMX)	 is	 one	 of	 the	 most	 widely	 prescribed	 antibiotic,	 used	 for	 antimicrobial	

prophylaxis	or	for	the	treatment	of	established	infections.	Its	main	side	effects	are	well	known,	

however,	in	last	years,	AMX-induced	crystal	nephropathy	(AICN),	a	complication	thought	to	

be	quite	rare,	has	been	reported	with	a	high	incidence	in	France	(1,	2).		

Nephrotoxicity	to	AMX	is	well	known	and	is	driven	by	two	main	mechanisms.	The	first	is	acute	

interstitial	nephritis,	a	drug	hypersensitivity	reaction,	which	classically	manifests	after	7	to	10	

days	following	drug	exposition.	In	its	classical	form,	patients	present	with	acute	kidney	injury	

(AKI),	back	pain,	 fever,	 leukocyturia,	eosinophiluria,	microscopic	hematuria	and	extra-renal	

involvement	such	as	arthralgias,	skin	rash	and	liver	test	disturbance	(cytolysis,	cholestasis)	(3).	

In	these	cases,	kidney	biopsy	may	be	required	to	confirm	diagnosis	and	shows	interstitial	injury	

characterized	by	inflammatory	edema	with	leucocyte	infiltration	(3).	The	second	way	by	which	

AMX	may	 induce	 AKI	 is	 crystalluria.	 Kidney	 stones	 and	 crystalline	 nephropathy	 are	 quite	

frequent	complications	of	drug	administration	 (4).	 Indeed,	a	multitude	of	drugs	have	been	

reported	 to	 induce	 crystalluria,	 among	 them	 protease	 inhibitors	 used	 for	 human	

immunodeficiency	virus	treatment	and	sulphadiazine	represent	classical	and	frequent	causes	

(5,	 6).	 In	 crystalline	 nephropathy,	 kidney	 injury	 occurs	 as	 a	 consequence	 of	 crystal	

precipitation	within	tubules.	At	kidney	biopsy,	features	of	acute	tubular	necrosis	with	some	

degrees	of	inflammatory	reaction	in	the	medulla	are	observed,	along	with	crystals	in	tubules	

whose	morphological	aspects	may	be	 informative	of	their	composition.	Pathophysiology	of	

crystal	formation	is	related	to	two	main	mechanisms.	The	first	one	is	the	direct	precipitation	

of	 the	drug	due	 to	 its	poor	 solubility.	 The	 second	one	 is	 the	crystallization	of	endogenous	

metabolic	compounds	because	of	the	drug	effects	(5,	6).	 In	this	 latter	case,	the	drug	is	not	

found	within	the	crystals	(ie,	anhydrase	inhibitors	and	calcium	oxalate	or	calcium	phosphate	

crystals).	Several	 factors	are	well	known	to	 induce	crystal	precipitation	 in	urine.	High	urine	

drug	 excretion,	 high	 dose	 administration,	 and	 poor	 diuresis	 leading	 to	 high	 urinary	 drug	

concentration	are	the	main	risk	factors	(4).			

The	first	case	of	AMX-induced	crystalluria	was	reported	in	1985	by	Sjovall	et	al	 in	a	heathy	

volunteer	taking	part	of	a	study	comparing	the	renal	clearance	of	intravenous	ampicillin	and	

AMX	 (7).	 The	 first	 case	of	AICN	was	 reported	 in	 1999	 in	 a	 4-years	 old	boy	 following	AMX	

overdose	 (8).	 Until	 recently,	 AICN	was	 reported	 in	 the	medical	 literature	 sporadically	 and	

mainly	as	single	cases	reports	(9-12).	In	2018,	Vodovar	et	al	reported	a	cohort	of	45	patients	
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with	AICN	which	were	identified	from	the	declarations	done	to	the	Paris	regional	centers	of	

pharmacovigilance	 (RPV)	 in	 France	 between	 1985	 and	 2016	 (1).	 Interestingly,	 most	 cases	

occurred	after	2010,	while	only	one	case	was	declared	before	2010.	Despite	the	methodology	

of	this	study	was	prone	to	declaration	bias,	it	suggests	that	recent	factors	(ie,	changes	in	drug	

administration,	modification	of	industrial	process…)	may	account	for	the	increasing	incidence	

of	 AICN.	 The	 higher	 incidence	 of	 AICN	 was	 also	 underlined	 in	 another	 French	 study	 that	

analyzed	 AKI	 in	 patients	 exposed	 to	 high	 dose	 AMX	 for	 the	 treatment	 of	 osteoarticular	

infections	(2).	These	reports,	which	are	finally	restricted	to	the	French	territory,	led	the	French	

National	Drug	Agency	 (ANSM)	 to	 conduct	 a	 nationwide	 study	 to	 analyze	 all	 cases	of	AICN	

declared	to	the	French	RPVs	until	2016	(13).		In	this	report,	180	potential	AICN	cases	following	

AMX	treatment	which	was	either	administered	alone	either	in	combination	with	clavulanate	

were	identified,	82%	of	them	diagnosed	after	2010.	Although	this	inquiry	does	not	allow	to	

definitively	confirm	risk	factors	of	AICN,	it	led	to	recommend	limiting	AMX	daily	dose	to	12g,	

to	limit	each	administration	to	a	maximum	of	2g	to	be	infused	in	at	least	20	minutes,	to	favor	

diuresis	using	IV	hydration	and	to	monitor	renal	function	under	treatment.	

Importantly,	the	diagnosis	of	AICN	is	far	from	being	consensual	and	is	usually	retained	after	

exclusion	of	other	potential	causes	of	AKI.	The	detection	of	AMX	crystalluria	allows	to	confirm	

the	diagnosis,	however,	due	to	technical	and	logistical	issues,	it	is	rarely	performed	in	practice.	

Of	note,	in	the	study	of	Vodovar	et	al,	only	20%	of	AICN	cases	were	screened	for	AMX	crystals	

in	urine	(2).	

As	 specified	 earlier,	 given	 the	 declarative	 nature	 of	 RPV	 databases,	 AICN	 may	 be	

underestimated.	Moreover,	 even	 if	 AICN	 has	 been	 estimated	 to	 occur	 in	 150	 per	 100000	

treated	patient/year	in	the	last	years	in	France,	its	real	incidence	remains	to	be	determined.	

Thus,	the	objective	of	the	present	study	was	to	analyze	the	incidence	of	AICN	by	studying	all	

consecutive	patients	treated	with	high	dose	AMX	during	a	3	years	period	 in	the	University	

Hospital	of	Angers.	The	second	objective	was	to	identify	risk	factors	of	AICN.	
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Material	and	Methods.	

	

Selection	of	patients.		

We	conducted	a	retrospective	study	between	1/01/2015	and	31/12/2017.	Patients	admitted	

to	the	Angers	University	Hospital	during	the	period	and	who	received	at	least	one	dose	of	AMX	

were	screened	through	the	prescription	software	database	(Crossway).	The	software	has	been	

implemented	 in	 all	 hospital	 units	 since	 2013,	 except	 in	 critical	 care	medicine	 units.	 Adult	

patients	that	received	at	least	8g/day	of	AMX	using	IV	route	for	at	least	24h	were	included	in	

the	study.	Patients	that	were	admitted	directly	to	critical	care	units	or	that	received	AMX	for	

less	 than	 24h	were	 excluded.	 The	 protocol	was	 approved	 by	 the	 ethics	 committee	 of	 our	

institution	(2018/40).	

	

Data	collection	

For	all	patient	included	in	the	study,	baseline	characteristics,	including	demographic	data	and	

medical	history	were	retrieved	from	medical	records.	Type	of	admission	(medical	or	surgical),	

infectious	site	and	identified	germs,	concomitant	antibiotic	use	and	evolution	of	renal	function	

from	admission	to	discharge	or	death,	daily	dose,	 type	of	administration	 (discontinuous	vs	

continuous),	duration	of	AMX	treatment	were	also	collected.		

Patients	 that	develop	AKI	of	at	 least	KDIGO	stage	2	or	3	were	 identified	and	their	medical	

records	 were	 extensively	 analyzed.	 AKI	 characteristics,	 including	 urine	 sediment	 and	

proteinuria,	kidney	radiological	exams	 (echography	and	CT	scan),	 temporality	between	AKI	

and	initial	admission,	initiation	of	AMX,	administration	of	other	nephrotoxic	drugs	or	contrast	

iodine	injection,	AMX	withdrawal	or	dose	modification	and	recovery	of	AKI	were	collected.	

		

Cases	definition.	

Medical	 records	 of	 patients	 that	 developed	 AKI	 of	 at	 least	 KDIGO	 stage	 2	 or	 3	 (14)	were	

extensively	analyzed	and	considered	for	AICN	diagnosis.	Medical	records	were	reviewed	by	a	

nephrologist	 (JFA)	 and	 a	 specialist	 in	 pharmacovigilance	 (GD)	 in	 a	 blinded	 fashion.	 AICN	

diagnosis	 was	 retained	 if	 both	 evaluation	 were	 concordant,	 after	 exclusion	 of	 other	 AKI	

causes.	 	 In	 case	 of	 discordant	 evaluation	 between	 investigators,	 medical	 records	 were	

analyzed	and	resolved	by	second	nephrologist	(JFS).		
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Cases	of	AKI	unrelated	 to	drug	administration	were	excluded,	as	were	AKI	 that	developed	

immediately	after	surgery,	 in	 the	context	of	 severe	sepsis,	dehydration,	pancreatitis,	heart	

failure	 or	 rhabdomyolysis.	 AKI	 that	 developed	 in	 the	 context	 of	 administration	 of	 other	

nephrotoxic	drugs	 (ie,	acyclovir	or	aminoglycosides)	or	after	 iodine	contrast	 injection	were	

also	excluded.	

	

Statistical	analyses	

Continuous	variables	are	presented	as	means	±	SD.	Categorical	variables	are	presented	with	

their	absolute	value	and	percentage.	Differences	between	groups	were	analyzed	using	the	χ2	

test	(or	Fisher	exact	test	when	applicable)	for	categorical	variables	and	the	Mann-Whitney	U	

test	 for	 continuous	 variables.	 Logistic	 regression	 analysis	 was	 used	 to	 study	 risk	 factors	

associated	with	AICN	development.	All	the	statistical	tests	were	performed	to	the	two-sided	

0.05	 level	of	 significance.	 Statistical	 analysis	was	performed	using	SPSS	 software®	23.0	 for	

Mackintosh	and	Graphpad	Prism®.	
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Results.	

	

Population	characteristics.	

Between	 1/01/2015	 and	 31/12/2017,	 165162	 patients	 were	 admitted	 to	 the	 University	

Hospital	 of	 Angers	 (excluding	 admissions	 to	 the	 intensive	 care	 units).	 Among	 them,	 3754	

(2.27%)	received	AMX	either	orally	either	IV.	Among	patients	that	received	IV	AMX	(n=1303,	

34.7%),	358	patients	(27.5%)	received	doses	equal	or	superior	to	8	g	for	at	least	24h	(Figure	

1).	The	population	was	predominantly	composed	of	males	(68.2%)	with	a	mean	age	of	69.1	

years	old.	Half	had	hypertension	and	heart	disease	and	22.9%	had	diabetes	mellitus.	The	cause	

for	admission	was	predominantly	medical	(78.5%)	and	the	mean	length	of	stay	was	26.3	days.	

The	 three	 most	 frequent	 cause	 of	 AMX	 administration	 were	 endocarditis,	 osteo-articular	

infection	and	central	nervous	system	infection.	Most	patients	had	a	positive	microbiological	

culture,	and	most	frequently	gram-positive	germs	were	identified.	These	data	are	reported	in	

Table	1.	

	

Amoxicillin	treatment.	

The	mean	daily	administered	dose	of	AMX	was	11.2	±	1.8	g/d,	which	represented	a	mean	dose	

of	153.9	±	41.6	mg/kg/day.	Figure	2	shows	the	distribution	of	AMX	dose	in	the	population.	

The	mean	duration	of	AMX	treatment	was	19.4	±	17.0	days	and	the	mean	cumulated	dose	was	

215.3	±	176.3	g	per	patient.	 	AMX	was	 rather	administrated	 in	a	discontinuous	manner	as	

compared	 to	 continuous	 IV	 infusion.	 About	 half	 of	 patients	 received	 other	 antibiotics	

concomitantly	or	not	to	AMX	treatment	during	their	stay.	The	most	used	antibiotic	classes	

were	fluoroquinolones,	aminoglycosides	and	cephalosporins.	These	data	are	summarized	in	

Table	2.	

		

Acute	kidney	injury	and	mortality.	

We	 next	 analyzed	 renal	 function	 and	 identified	 patients	 that	 developed	 AKI	 episodes	

according	to	the	KDIGO	classification.	Mean	eGFR	at	admission	in	the	whole	population	was	

91.8	±	41.9	mL/min/1.73	m2.	AKI	was	present	in	12.6%	of	patients	at	admission	and	developed	

in	74	patients	(20.7%)	during	hospital	stay.	KDIGO	stage	2-3	AKI	was	diagnosed	in	42	patients	

(11.7%)	 representing	 56.8%	 of	 all	 AKI	 episodes.	 Nine	 patients	 (2.5%)	 required	 renal	
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replacement	 therapy.	 None	 of	 the	 AKI	 patients	 underwent	 renal	 biopsy.	 These	 data	 are	

detailed	in	Table	3.	

As	 compared	 to	patients	 that	did	not	develop	AKI,	 patients	with	AKI	had	more	 frequently	

hypertension,	diabetes	mellitus,	heart	disease,	were	more	frequently	admitted	for	a	surgical	

reason	 and	 had	 more	 frequently	 endocarditis.	 While	 serum	 creatinine	 and	 eGFR	 were	

comparable	between	groups	at	admission,	patients	with	AKI	had	higher	serum	creatinine	and	

lower	 eGFR	 at	 discharge.	 Hospital	 mortality	 was	 also	 significantly	 higher	 in	 patients	 that	

developed	AKI.	These	results	are	reported	in	supplemental	Table	1.		

	

AICN	cases.	

The	42	patients	that	developed	KDIGO	stage	2-3	AKI	were	extensively	studied.	Among	these	

patients,	 case	 analyses	 concluded	 to	 a	 high	 probability	 of	 AICN	 in	 16	 patients	 (38.1%),	

representing	an	incidence	of	4.5%	of	patients	exposed	to	high	IV	AMX	doses.	In	the	other	26	

cases,	another	AKI	cause	was	retained:	pre-renal	AKI,	predominantly	post-operative	AKI,	was	

highly	probable	in	16	patients;	concomitant	nephrotoxic	drugs	were	administered	in	2	cases;	

obstructive	AKI	was	retained	in	2	cases;	and	other	or	unresolved	causes	of	AKI	were	observed	

in	6	cases.		

We	 next	 analyzed	 the	 clinical	 and	 biological	 presentation	 of	 AICN	 cases	 (Table	 4).	 AKI	

developed	after	 a	mean	delay	of	7.9	±	6.4	days	 following	AMX	 initiation.	Mean	maximum	

serum	creatinine	was	370.1	±	178.3	µmol/L	and	6	patients	 (37.5%)	 required	hemodialysis.	

Almost	all	patients	presented	with	microscopic	hematuria,	leukocyturia	and	mild	proteinuria.	

Macroscopic	hematuria	was	observed	in	5	patients	(31.3%).	Crystalluria	was	searched	in	13	

patients	(81.3%)	after	a	mean	delay	of	4.5	±	2.3	days	from	AKI	diagnosis	and	was	positive	in	2	

patients	(15.4%).	In	all	but	one	patient,	AMX	dose	was	decreased	(25%)	or	AMX	was	arrested	

(68.8%)	after	a	mean	delay	of	3	±	5.4	days	 following	AKI	diagnosis.	Most	patients	 (68.7%)	

recovered	 completely	 from	AKI,	 but	 5	 patients	 (31.3%)	 had	 not	 yet	 recovered	 at	 hospital	

discharge.	

As	compared	to	patients	with	other	AKI	causes,	females	were	significantly	more	represented	

in	AICN	group	 (Table	5).	We	didn’t	observe	any	other	 significant	difference	between	AICN	

group	and	other	AKI	group.		
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Interestingly,	 among	 KDIGO	 stage	 2-3	 AKI,	 7	 cases	 of	 AICN	 were	 suspected	 during	

hospitalization	and	declared	to	the	RPV,	6	of	them	were	classified	as	AICN	cases	in	the	present	

study,	representing	37.5%	of	AICN	cases.	

	

Factors	associated	with	AICN	development.		

In	 a	 last	 step,	 we	 analyzed	 factors	 associated	 with	 the	 risk	 of	 developing	 AICN	 in	 our	

population.	Univariate	analysis	(Figure	3)	showed	that	female	gender	was	associated	with	an	

increased	risk	of	AICN	(OR	2.77,	p=0.049).	Other	factors	and,	especially	AMX	dose,	even	when	

reported	 to	 weigh	 and	 impaired	 GFR	 at	 baseline,	 were	 not	 associated	 with	 the	 risk	 of	

developing	AICN	in	our	population.		
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Discussion.	

	

This	work	is	the	first	that	aimed	to	evaluate	the	incidence	of	AICN	in	patients	treated	with	high	

IV	AMX	doses.	The	main	result	of	this	study	is	the	observation	of	a	4.5%	AICN	incidence	in	

patients	receiving	high	IV	doses	of	AMX,	and	that	AICN	represented	the	cause	of	AKI	of	more	

than	one	third	of	KDIGO	stage	2-3	in	this	population.	Thus,	these	results	suggest	that	AMX	

nephrotoxicity	may	be	underestimated.	Interestingly,	only	female	gender	appeared	as	a	risk	

factor	 of	 AICN,	 while	 AMX	 dose	 (even	 if	 reported	 to	 weigh)	 and	 modalities	 of	 AMX	

administration	(continuous	vs	discontinuous	infusion)	were	not	significantly	associated	with	

AICN.	

Even	though	AICN	has	been	described	in	the	literature	since	the	90’,	published	data	rely	mainly	

on	case	reports	or	cases	series	(9-12,	15,	16)	and	on	pooled	analyses	of	cases	reported	to	the	

RPVs	(1).	Despite	these	previous	studies	do	not	allow	to	conclude	on	AICN	incidence	and	to	

identify	 risk	 factors,	 AICN	 appeared	 related	 to	 high	 AMX	 doses	 administered	 by	 IV	 route,	

usually	more	than	8	g/day.	Thus,	we	decided	to	evaluate	AMX	incidence	in	such	patients	which	

are	those	with	the	higher	AICN	risk.	It	is	important	to	underline	that	there	is	no	consensual	

definition	of	AICN.	In	previous	studies,	the	diagnosis	of	AICN	was	retained	after	exclusion	of	

other	AKI	causes,	in	temporally	compatible	cases	according	to	AMX	administration	and	after	

exclusion	of	patients	with	concomitant	administration	of	other	nephrotoxic	drugs	(1).	In	these	

conditions,	 the	 detection	 of	 birefringent	 needle-shaped	 crystals	 in	 fresh	 urines	 is	 very	

suggestive	 of	 AICN	 (4,	 12).	 However,	 the	 search	 for	 crystalluria	 is	 rarely	 performed	 or	 is	

performed	but	often	uninterpretable	due	to	 technical	 issues.	 In	our	study,	crystalluria	was	

searched	in	13/16	(81.3%)	AICN	cases	but	crystals	were	identified	in	only	2	patients	(15.4%).	

The	low	incidence	of	patients	with	crystal	detection	in	our	study	may	be	explained	by	the	quite	

long	delay	between	AKI	onset	and	urinalyses,	which	was	4.5	days.	In	comparison,	in	the	study	

of	Vodavar	et	al,	among	the	45	patients	diagnosed	with	AICN,	crystal	search	was	performed	

in	 only	 20%	 of	 patients	 (1),	 and	 detected	 in	 68/180	 AICN	 patients	 (38%)	 in	 the	 ANSM	

nationwide	study	(13).		

The	clinical	presentation	of	patients	at	AICN	onset	in	our	study	was	globally	in	accordance	with	

previous	 reports.	 	 AICN	 has	 been	 reported	 in	 patients	who	 received	 AMX	 for	 prophylaxis	

mainly	before	surgery	or	to	treat	established	infections	(1).	Given	the	design	of	the	present	

study	 which	 included	 patients	 with	 AMX	 treatment	 for	 at	 least	 24h,	 our	 analysis	 mainly	
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focused	on	patients	that	received	AMX	for	treatment	of	ongoing	infection.	We	observed	that	

AICN	onset	occurred	after	a	mean	delay	of	8	days	(2	to	25	days)	which	is	in	accordance	with	

the	 delay	 observed	 in	 the	 ANSM	nationwide	 study	 (7	 days)	 in	 patients	 receiving	 AMX	 for	

ongoing	infection	(13).	Macroscopic	hematuria	was	observed	in	31.3%	of	AICN	patients,	and	

microscopic	hematuria	and	leukocyturia	were	detected	in	all	patients.	These	observations	are	

unspecific,	but	were	also	observed	in	previous	reports.		

All	but	one	AICN	patient	had	AMX	discontinuation	or	dose	reduction,	which	suggests	that	AICN	

was	suspected	in	almost	all	patients	at	the	time	of	hospitalization.	However,	and	importantly,	

only	6/16	AICN	cases	(37.5%)	were	declared	by	clinicians	to	the	RPV,	which	represents	a	low	

declarative	 incidence	 given	 that	 most	 cases	 were	 suspected	 to	 be	 related	 to	 AMX	

administration	by	clinicians	(17,	18).	

Most	previous	reports	underline	that	AICN	is	usually	a	reversible	complication	(1,	2,	13).		In	

the	ANSM	nationwide	study,	dialysis	was	required	in	23%	of	cases	and	mortality	rate	was	2%	

(13).	In	the	present	study,	3	patients	(18.8%)	of	the	AICN	group	died	during	initial	admission	

and	 kidney	 function	 didn’t	 return	 to	 baseline	 at	 hospital	 discharge	 in	 5	 patients	 (31.3%).	

Moreover,	6	patients	(37.5%)	needed	hemodialysis	transiently.	The	poor	prognosis	observed	

in	our	study	may	be	related	to	our	case	definition	which	focused	on	patients	with	more	severe	

AKI	(KDIGO	2-3).	However,	it	also	suggests	that	AICN	may	not	be	a	complication	as	so	benign	

as	 previously	 thought.	 Even	 if	 the	 present	 study	 does	 not	 allow	 to	 analyze	 the	 relation	

between	AICN	and	mortality,	AKI	has	been	found	constantly	associated	with	the	risk	of	both	

in-hospital	and	long	term	mortality	in	a	wide	range	of	medical	and	surgical	conditions	(19,	20).	

Moreover,	several	more	recent	reports	also	show	that	AKI	episodes	are	associated	with	an	

increased	risk	of	developing	chronic	kidney	disease	in	the	future	(21,	22).		

We	observed	that	female	gender	was	the	sole	risk	factor	of	AICN	in	our	study,	while	males	

represented	80.8%	of	other	AKI	cause	unrelated	to	AICN.	Interestingly,	in	previous	studies	on	

AICN,	females	appeared	over-represented	as	compared	to	males	(1,	2,	13),	while	male	gender	

is	 a	 classical	 risk	 factor	 for	 AKI.	 We	 didn’t	 identify	 any	 other	 risk	 factor	 for	 AICN	 in	 our	

population.	Notably,	nor	body	mass	index,	nor	AMX	dose,	which	were	suggested	to	be	risk	

factors	 in	 previous	 studies	 (1,	 2,	 13),	 were	 associated	 with	 AICN	 risk	 in	 our	 work.	 An	

explanation	for	this	is	that	we	selected	patients	with	high	AMX	dose	as	part	of	the	inclusion	

criteria	of	the	study,	and	that	finally	most	patients	were	in	a	limited	range	of	high	AMX	dose	

administration.	We	have	no	definite	explanation	to	the	reason	why	female	gender	may	expose	
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to	 higher	 risk	 of	 AICN.	 However,	 considering	 that	 AMX	 urine	 concentration	 is	 a	 major	

determinant	of	AICN	risk	(1),	we	can	suggest	the	following	hypothesis.	As	compared	to	males,	

females	have	a	lower	number	of	nephrons,	a	difference	which	is	in	part	genetically	determined	

(23).	Moreover,	in	respect	to	body	compartments,	females	have	a	higher	fat	mass	proportion	

as	 compared	 to	males	 (24).	 Thus,	 the	 AMX	dose	 reported	 to	 lean	mass	may	 be	 higher	 in	

females	as	compared	to	males,	and	given	the	lower	nephron	quantity	 in	females,	the	AMX	

urine	concentration	may	be	higher	for	an	equivalent	administered	dose.	

Our	study	has	several	limitations	starting	with	its	retrospective	design.	Another	limitation	is	

the	 definition	 of	 AICN	 cases	 that	 relies	 on	 temporal	 causality	 analysis	 and	 exclusion	 of	

differential	 diagnosis,	 based	 on	 data	 retrieved	 from	 medical	 records.	 In	 this	 view,	 the	

methodology	used	in	the	present	study	is	comparable	to	those	used	in	previous	works	and	

may	have	rather	resulted	in	an	underestimation	of	AICN	incidence	given	that	some	potential	

AICN	cases	were	excluded	because	of	concomitant	administration	of	other	nephrotoxic	drugs.	

Moreover,	we	didn’t	analyze	and	considered	the	imputability	of	AMX	in	patients	with	mild	AKI	

(KDIGO	stage	1	AKI),	which	may	also	have	underestimated	AICN	incidence.	

Studies	from	the	French	RVPs	showed	that	AICN	incidence	increased	dramatically	after	2010	

(2,	13).	The	French	nationwide	study	conducted	by	the	ANSM	did	not	allow	to	identify	factors	

that	could	explain	the	increased	incidence	of	AICN	(13).	This	discussion	is	beyond	what	we	can	

infer	from	the	present	work,	however,	we	can	suggest	that	some	changes	in	clinical	practice	

may	account	for	a	more	frequent	use	of	high	AMX	doses.	Endocarditis	was	the	first	indication	

of	high	dose	AMX	use	in	the	present	study	and	in	previous	ones.	This	may	be	the	consequence	

of	guidelines	recommending	its	use	as	first	line	antibiotic	treatment	after	2009	(25,	26).						

	

Conclusion.	

The	 present	 study	 shows	 that	 the	 incidence	 of	 AICN	 may	 be	 underestimated	 in	 patients	

treated	with	high	doses	AMX.	Moreover,	our	data	suggest	that	AICN	prognosis	may	be	less	

favorable	as	previously	thought.	Thus,	we	recommend	a	close	monitoring	of	renal	function	of	

patients	exposed	to	high	dose	AMX	and	to	consider	early	switching	to	another	antibiotic	class	

if	severe	AKI	develops	under	AMX	treatment.		 	
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Table	1.	Characteristics	of	the	population.	
	

	

	

	

	

	

	

	

	

	

	

	

	
	

	

	

	

	

	

	

	

	

	

	

	

	

	

 
	 	

Number	of	patients	 358	
Gender,	M/F	(%)	 244/114	(68.2/31.8)	
Age,	years	 69.1	±	15.6,	[21-97]	
Weigh,	Kg	 76.5	±	18.	3,	[33-170]	
BMI,	Kg/m2	 26.9	±	6.5,	[14.2-74.2]	
Comorbidities	 	
		Hypertension,	n	(%)	 186	(52.0)	
		Diabetes	mellitus,	n	(%)	 82	(22.9)	
		Heart	disease,	n	(%)	 180	(50.3)	
Length	of	hospital	stay,	days\	 26.3	±	32.6,	[1-489]	
Type	of	admission,	n	(%)	 	
		Medical	 281	(78.5)	
		Surgical	 77	(21.5)	
Nature	infectious	event,	n	(%)	 	
		Osteo-articular	 68	(19.0)	
		Endocarditis	 110	(30.7)	
		Septicemia	 61	(17)	
		Lung	 14	(3.9)	
		Digestive	 2	(0.6)	
		Central	nervous	system	 31	(8.7)	
		Urinary	tract	 4	(1.1)	
		Other	 68	(19.0)	
Microbiology,	n	(%)	 	
		Patients	with	at	least	a	positive	bacterial	culture	 310	(86.6)	
		Type	of	bacteria	 	
				Gram	positive	 280	(90.3)	
				Gram	negative	 30	(9.7)	
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Table	2.	Amoxicillin	treatment	and	associated	antibiotics	
	

	

	

	

	

	

	

	

	

	

	

	
	

	

	

	

	

	

	

	 	

Amoxicillin	dose,	g/24h	 11.2	±	1.8,	[8-18]	
Amoxicillin	dose,	mg/kg/24h	 153.9	±	41.6,	[67-328]	
Cumulated	dose,	g	 215.3	±	176.3,	[8-864]	
Treatment	duration,	days	 19.4	±	17.0,	[1-168]	
Type	of	IV	administration,	n	(%)	 	
		Continuous	infusion	 120	(33.5)	
		Discontinuous	infusion	 238	(66.5)	
Other	antibiotics,	n	(%)			 198	(55.3)	
		Fluoroquinolones	 66	(33.3)	
		Aminoglycosides	 50	(25.3)	
		Céphalosporins	 38	(19.2)	
		Glycopeptides	 7	(3.5)	
		Others		 37	(18.7)	
Acyclovir,	n	(%)	 10	(2.8)	
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Table	3.	Characteristics	of	AKI	in	the	study	population	
	
	

	

	

	

	

	

	

	

	

	

	

	

	

	 	

	 All,	n=358	

Serum	creatinine	at	admission,	µmol/L	 85.7	±	38.7	[26-290]	
GFR	at	admission,	ml/min/1.73m2	 91.8	±	41.9	[14-290]	
Lowest	serum	creatinine,	µmol/L	 69.6	±	26.1	[12-190]	
Highest	serum	creatinine,	µmol/L	 116.7	±	81.0	[33-629]	
AKI	at	admission,	n	(%)	 45	(12.6)	
AKI	during	hospital	stay,	n	(%)	 74	(20.7)	
		KDIGO	stage	1	 32	(8.9)	
		KDIGO	stage	2	 16	(4.5)	
		KDIGO	stage	3	 26	(7.3)	
Need	for	renal	replacement	therapy,	n	(%)	 9	(2.5)	
Serum	creatinine	at	discharge,	µmol/L	 87.2	±	53.6	[28-414]	
GFR	at	discharge,	ml/min/1.73m2	 92.6	±	40.6	[13-304]	
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Table	4.	Description	of	AICN	cases	
	

	

	

	

	

	

	

	

	

	

	

	

	
	

	

	

	

	

	

	

	
	
	
	
	

*	at	the	end	of	hospitalization	or	before	death	
**	Among	screened	patients	
***	Among	screened	patients	without	macroscopic	hematuria	

	

	

	 	

	 n=16	

Delay	between	AMX	initiation	and	AKI,	days	 7.9	±	6.4	[2-25]	
Maximum	serum	creatinine,	µmol/L	 370.1	±	178.3	[145-860]	
Evolution	of	AKI		 	
		Complete	AKI	recovery*,	n	(%)		 11	(68.7)	
				Delay	to	recovery,	days	 20.1	±	16.2	[6-60]	
		Non	recovery*,	n	(%)	 5	(31.3)	
Need	for	hemodialysis,	n	(%)	 6	(37.5)	
		Number	of	hemodialysis	sessions,	n	 2.0	±	1.0	[1-3]	
AMX	treatment	arrest	or	dose	modification	 15	(93.8)	
		Delay	from	AKI	diagnosis,	days	 3	±	5.4	[1-22]	
		AMX	arrest,	n	(%)	 11	(68.8)	
		AMX	dose	reduction,	n	(%)	 4	(25.0)	
Biological	and	radiological	evaluation,	n	(%)	 	
		Kidney	ultrasound		 15	(93.8)	
		Urine	cytology	 11	(68.7)	
		Proteinuria	quantification	 13	(81.3)	
		Search	for	AMX	crystalluria	 13	(81.3)	
				Delay	between	AKI	and	AMX	crystal	search,	days	 4.5	±	2.3	[1-8]		
AKI	presentation	 	
		Microscopic	hématuria**,	n	(%)	 11	(100)	
		Macroscopic	hematuria,	n	(%)	 5	(31.3)	
		Leukocyturia**,	n	(%)	 11	(100)	
		Proteinuria***,	g/g	creatininuria	 0.85	±	0.81	[0.1-2.53]	
		Urine	crystals**,	n	(%)	 2	(15.4)	
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Table	5.	Comparison	between	AICN	group	and	non	AICN	AKI	group.	
	

	

	

*	Comparison	between	AICN	and	other	AKI	groups.	

	

	

	

	

	

	

	

	

	
	

	

	

	

	

	

	

	 	

	 All	(n=42)	 AICN	(n=16)		 Other	AKI	(n=26)	 P*	

Males,	n	(%)	 28	(66.7)	 7	(43.8)	 21	(80.8)	 0.013	

Age,	years	 73.6	±	11.4	 75.4	±	11.1	 72.4	±	11.6	 0.404	
Weigh,	Kg	 78.8	±	17.6	 73.5	±	14.9	 82.2	±	18.6	 0.126	
BMI,	Kg/m2	 27.7	±	5.8	 26.6	±	6.0	 28.4	±	5.6	 0.374	
Comorbidities,	n	(%)	 	 	 	 	
		Hypertension	 27	(64.3)	 11	(68.7)	 16	(61.5)	 0.636	
		Diabetes	mellitus	 13	(31.0)	 5	(31.2)	 8	(30.8)	 0.974	
		Heart	disease	 30	(71.4)	 14	(87.5)	 16	(61.5)	 0.090	
Medical	admission,	n	(%)	 32	(76.2)	 14	(87.5)	 18	(69.2)	 0.177	
Serum	creatinine	at	admission,	µmol/L	 88.9	±	32.4	 91.6	±	36.3	 87.2	±	30.3	 0.669	
eGFR	at	admission,	ml/min/1.73m2	 93.0	±	44.7	 92.5	±	50.1	 93.4	±	42.1	 0.949	
Serum	creatinine	at	discharge,	µmol/L	 148.2	±	100.8	 111.3	±	41.7	 172.2	±	120.3	 0.090	
eGFR	at	discharge,	ml/min/1.73m2	 62.0	±	51.5	 58.4	±	21.1	 64.3	±	64.6	 0.755	
Endocarditis,	n	(%)	 16	(38.1)	 6	(37.5)	 10	(38.5)	 0.950	
Hospital	mortality,	n	(%)	 12	(28.6)	 3	(18.8)	 9	(34.6)	 0.316	
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Figure	1.	Flowchart	of	the	study.	
	

	

	

	

	 	

165162 patients admitted to the Angers University Hospital between 1/01/2015 and 31/12/2017

365 at least 8g/d for24h

358 patients included in the study

3754 received AMX

7 received < 8 g/d

1303 received IV AMX

2451 received oral AMX
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Figure	2.	Dose	of	amoxicillin	treatment	according	to	(A),	daily	dose,	and	(B)	weight.	
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Figure	3.	Forrest	plot	of	univariate	analysis	for	risk	factors	associated	with	AICN.	
	

	

	

	

	

*At	AMX	initiation	
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Odds Ratio (95 CI)

p=0.049
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1.99

Gender (female)

Age (>50 years)

Hypertension (yes)

Diabetes mellitus (yes)

BMI (>30 kg/m2)

Amoxicillin dose (g/day)*

Amoxicillin dose (>200 mg/kg/day)*

Amoxicillin dose (>12g/day)

GFR at admission (<60 ml/min)
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Supplemental	Table	1.	Comparison	of	AKI	and	non-AKI	patients.	

	

	

	

	

	

	 No	AKI	(n=284)	 AKI	(74)	 P	

Males,	n	(%)	 198	(69.7)	 46	(62.2)	 0.290	
Age,	years	 68.5	±	16.2	 71.5	±	12.9	 0.159	
Weigh,	Kg	 76.1	±	17.	4	 76.3	±	18.5	 0.934	
BMI,	Kg/m2	 27.1	±	6.5	 26.5	±	6.4	 0.558	
Comorbidities,	n	(%)	 	 	 	
		Hypertension	 140	(49.3)	 46	(62.2)	 0.034	

		Diabetes	mellitus	 59	(20.8)	 23	(31.1)	 0.050	

		Heart	disease	 132	(46.5)	 48	(64.9)	 0.003	

Length	of	hospital	stay,	days	 25.1	±	35.2	 31.4	±	19.0	 0.141	
Medical	admission,	n	(%)	 232	(81.7)	 49	(66.2)	 0.008	

Serum	creatinine	at	admission,	µmol/L	 85.3	±	40.2	 87.0	±	32.6	 0.734	
eGFR	at	admission,	ml/min/1.73m2	 102.7	±	48.3	 96.9	±	51.3	 0.372	
Serum	creatinine	at	discharge,	µmol/L	 75.1	±	31.0	 126.4	±	83.3	 <0.001	

eGFR	at	discharge,	ml/min/1.73m2	 100.3	±	36.1	 68.1	±	44.5	 <0.001	
Endocarditis,	n	(%)	 79	(27.8)	 31	(41.9)	 0.015	

Hospital	mortality,	n	(%)	 15	(5.3)	 21	(28.4)	 <0.001	
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CONCLUSIONS ET PERSPECTIVES 
 
 
Nous montrons dans notre étude une incidence de 4.47% de l’IRA sur cristallurie à l’amoxicilline au sein d’une 

population exposée à de fortes doses par voie parentérale. La cristallurie à l’amoxicilline représentait plus de 1/3 des 

IRA sévères au sein de la population. 

Ces données suggèrent que la cristallurie à l’amoxicilline est une complication finalement assez fréquente et 

probablement plus importante qu’estimée. Par ailleurs, parmi les 16 patients qui ont développé une cristallurie à 

l’amoxicilline, une proportion importante des patients n’a pas récupéré complètement une fonction rénale normale 

en fin d’hospitalisation et 3 (18.8%) décèdent en cours d’hospitalisation. Aussi, le pronostic jugé plutôt favorable de 

cette complication au vu des données de la littérature est remis en question par les résultats de notre étude. 

Les limites de ce travail reposent sur sa méthodologie rétrospective et les critères de sélection des cas de cristallurie. 

Concernant la méthodologie, il faut toutefois souligner que l’identification des patients exposés est rendue très fiable 

du fait des prescriptions informatisées. En l’absence de critères diagnostic pathognomoniques, le diagnostic de 

cristallurie à l’amoxicilline repose sur un faisceau d’arguments. Nous avons finalement retenu les critères de sélection 

utilisés dans les études des CRPV. Aussi, il est probable que l’application de ces critères sous-estiment globalement 

l’incidence réelle de la cristallurie à l’amoxicilline. De plus, nous avons focalisé notre étude sur les IRA sévères (AKI 

stade 2 et 3), jugées de signification clinique. Les cristalluries n’ont pas été recherchées spécifiquement au sein des 

IRA stade 1, ce qui sous-estime l’incidence globale de la cristallurie dans notre étude.  

Nous avons pu détailler la présentation des 16 patients atteints de cristallurie. Parmi les 16 patients, presque tous se 

sont vus arrêter ou diminuer  les doses d’amoxicilline, ce qui suggère qu’une toxicité de l’amoxicilline était suspectée 

chez presque tous les patients en cours d’hospitalisation. Il faut souligner que seulement 6/16 (37.5%) ont fait l’objet 

d’une déclaration au CRPV par le clinicien, alors même qu’une toxicité était suspectée.  

En conclusion, notre étude montre que l’incidence de la cristallurie est probablement sous-estimée au sein des 

patients exposés à de fortes doses d’amoxicilline. De plus, le pronostic des patients développant une cristallurie à 

l’amoxicilline n’est probablement pas aussi bon que rapporté dans la littérature. 

En perspectives, nous envisageons de communiquer les résultats de notre étude aux principaux services de soin du 

CHU d’Angers utilisant de fortes doses d’amoxicilline IV (cardiologie, maladies infectieuses, neurologie). Afin de mieux 

diagnostiquer et mettre en place des mesures thérapeutiques adaptées, nous pourrions déployer un protocole à 

l’échelon du CHU d’Angers impliquant la réalisation d’un bilan d’IRA exhaustif, des mesures d’adaptation de 

l’antibiothérapie et une déclaration systématique des cas au CRPV.  L’application de ce protocole pourrait être 

automatisé via les logiciels de prescription et de résultats biologiques. 
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              Incidence de la toxicité rénale de l’amoxicilline à forte dose administrée par voie parentérale 
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R
ÉS

U
M

É L’insuffisance rénale aigue (IRA) sur cristallurie secondaire à l’amoxicilline (AICN) est une complication rare 

de l’amoxicilline à forte posologie par voie parentérale. Récemment, les centres de pharmacovigilance 

français ont noté une augmentation des déclarations d’AICN. Aussi, l’objectif de ce travail était d’étudier 

l’incidence de l’AICN dans la pratique courante. 

 Nous avons conduit une étude rétrospective au cours de la période allant du 1/01/2015 au 31/12/2017 au 

CHU d’Angers et inclut les patients adultes consécutivement traités par amoxicilline parentérale avec une 

dose d’au moins 8 g/j pendant au moins 24h. Au cours de la période, 358 patients ont été inclus. Il s’agissait 

d’hommes majoritairement (68.2%), avec un âge moyen de 69.1 ans. La plupart des patients (78.5%) était 

admis pour une cause médicale et ont reçu une dose moyenne de 11.2 g/j d’amoxicilline, soit 153.9 mg/kg/j. 

Soixante-quatorze patients (20.7%) ont développé une IRA, 42 (56.8%) au stade 2 ou 3 de la classification 

KDIGO. Parmi les patient stade 2-3 de la classification KDIGO, le diagnostic d’AICN a été retenu chez 16 

patients (38.1%), soit une incidence de 4.47% de l’AICN au sein de la population. Le seul facteur de risque 

prédictif d’AICN identifié dans l’étude était le sexe féminin. 

Notre étude suggère que l’incidence de l’AICN est élevée chez les patients recevant de l’amoxicilline à forte 

dose, et représente un tiers des causes d’IRA. Le sexe féminin constitue le seul facteur de risque dans cette 

étude. 
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A
C

T Amoxicillin (AMX)-induced crystal nephropathy (AICN) is considered as a rare complication of high dose 

intravenous (IV) amoxicillin administration. Recently, the French pharmacovigilance centers reported an 

increased declaration rate of this complication by physicians. Thus, the objective the present study was to 

determine the incidence of AICN in the current practice. 

We conducted a retrospective study between the 01/01/2015 and 31/12/2017 in Angers University 

Hospital including consecutive adult patients that received more than 8g/day of AMX using IV route for at 

least 24h.  

During the period, 358 patients were included. Patients were predominantly males (68.2%) with a mean 

age of 69.1 years-old. Most patients (78.5%) were treated in a medical context and received a mean dose 

of 11.2 g/day AMX, representing 153.9 mg/kg/day. Seventy-four patients (20.7%) developed AKI, 42 (56.8%) 

of KDIGO stage 2 or 3. Among patients with KDIGO stage 2-3 AKI, AICN diagnosis was retained in 16 (38.1%) 

patients, representing an incidence of 4.47% of the study population. Analysis showed that only female 

gender was associated with an increased risk of AICN.  

This study suggests that AICN has a high incidence in patients receiving high IV doses of AMX, representing 

one third of AKI causes. Female gender appeared as a risk factor for AICN.  
 

 


