
Table 3
Drugs with a statistically significant ROR and that were mentioned in at least five AKI events in the FPVD

ATC classification
Active substance
(INN)

Total number
of ADRs
with AKI
n

Number of ADRs with
AKI when the drug is
suspected alone
n (%)

Patients
requiring
RRT
n (%)

Total number
of ADRs
without AKI
n ROR [95%CI]

Antibacterial agents for systemic use and
antimycobacterial agents

523

Amikacin 24 8 (33.33) 7 (29.17) 78 9.37 [5.91–14.86]

Amoxicillin 98 21 (21.43) 15 (15.31) 1617 1.88 [1.52–2.33]

Ceftriaxone 26 1 (3.85) 6 (23.08) 481 1.63 [1.09–2.43]

Cilastatin 8 0 (0.00) 1 (12.5) 108 2.22 [1.08–4.57]

Ciprofloxacin 18 7 (38.89) 4 (22.22) 279 1.94 [1.2–3.14]

Cloxacillin 24 9 (37.50) 1 (4.17) 120 6.08 [3.91–9.46]

Daptomycin 7 2 (28.57) 0 (0.00) 57 3.69 [1.68–8.11]

Gentamicin 53 6 (11.32) 15 (28.3) 89 18.56 [13.15–26.21]

Imipenem 8 0 (0.00) 1 (12.5) 115 2.09 [1.02–4.29]

Ofloxacin 16 3 (18.75) 1 (6.25) 286 1.68 [1.01–2.79]

Piperacillin 32 0 (0.00) 3 (9.38) 429 2.26 [1.57–3.26]

Sulfadiazine 5 4 (80) 0 (0.00) 42 3.57 [1.41–9.05]

Sulfamethoxazole
and trimethoprim

73 29 (39.73) 3 (4.11) 548 4.17 [3.25–5.36]

Tazobactam 32 0 (0.00) 3 (9.38) 412 2.36 [1.64–3.4]

Teicoplanin 6 2 (33.33) 0 (0.00) 55 3.28 [1.41–7.62]

Vancomycin 67 19 (28.36) 11 (16.42) 304 6.91 [5.27–9.06]

Rifampicin 26 4 (15.38) 1 (3.85) 325 2.42 [1.62–3.63]

Diuretics 328

Altizide 5 0 (0.00) 0 (0.00) 29 5.18 [2–13.4]

Eplerenone 10 1 (10) 0 (0.00) 11 27.42 [11.62–64.68]

Furosemide 172 20 (11.63) 21 (12.21) 358 16.5 [13.63–19.99]

Hydrochlorothiazide 88 3 (3.41) 9 (10.23) 438 6.39 [5.05–8.09]

Indapamide 11 0 (0.00) 2 (18.18) 140 2.36 [1.28–4.38]

Spironolactone 42 2 (4.76) 4 (9.52) 123 10.54 [7.39–15.03]

Agents acting on the renin-angiotensin system 289

Candesartan 33 2 (6.06) 10 (30.3) 93 10.88 [7.28–16.25]

Enalapril 12 1 (8.33) 1 (8.33) 86 4.21 [2.29–7.72]

Irbesartan 22 3 (13.64) 3 (13.64) 167 3.99 [2.55–6.25]

Lisinopril 7 1 (14.29) 0 (0.00) 30 7.02 [3.08–16.01]

Losartan 10 1 (10.00) 2 (20.00) 41 7.35 [3.67–14.71]

OlmesartanMedoxomil 49 6 (12.24) 8 (16.33) 201 7.55 [5.5–10.37]

Perindopril 72 10 (13.89) 8 (11.11) 326 6.95 [5.35–9.03]

Ramipril 49 11 (22.45) 8 (16.33) 261 5.81 [4.26–7.92]

Telmisartan 5 0 (0.00) 0 (0.00) 39 3.85 [1.51–9.78]

Valsartan 30 0 (0.00) 3 (10.00) 144 6.36 [4.28–9.47]
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Table 3
(Continued)

ATC classification
Active substance
(INN)

Total number
of ADRs
with AKI
n

Number of ADRs with
AKI when the drug is
suspected alone
n (%)

Patients
requiring
RRT
n (%)

Total number
of ADRs
without AKI
n ROR [95%CI]

Antineoplastic agents 180

Bendamustine 20 7 (35.00) 2 (10.00) 66 9.2 [5.56–15.22]

Cisplatin 44 20 (45.45) 8 (18.18) 130 10.46 [7.4–14.79]

Cytarabine 17 1 (5.88) 5 (29.41) 157 3.27 [1.98–5.41]

Etoposide 12 0 (0.00) 2 (16.67) 175 2.06 [1.15–3.71]

Gemcitabine 13 4 (30.77) 4 (30.77) 131 2.99 [1.69–5.3]

Melphalan 8 1 (12.50) 2 (25.00) 59 4.08 [1.94–8.55]

Methotrexate 39 20 (51.28) 8 (20.51) 553 2.15 [1.54–2.98]

Nivolumab 7 6 (85.71) 2 (28.57) 90 2.34 [1.08–5.05]

Pemetrexed 13 2 (15.38) 2 (15.38) 91 4.31 [2.4–7.73]

Vemurafenib 7 3 (42.86) 1 (14.29) 64 3.29 [1.5–7.18]

Anti-inflammatory and antirheumatic products 95

Diclofenac 33 12 (36.36) 4 (12.12) 161 6.27 [4.29–9.16]

Ibuprofen 25 8 (32.00) 2 (8.00) 373 2.03 [1.35–3.05]

Ketoprofen 26 6 (23.08) 5 (19.23) 302 2.61 [1.74–3.91]

Naproxen 11 4 (36.36) 3 (27.27) 90 3.68 [1.96–6.9]

Drugs used in diabetes 75

Gliclazide 8 0 (0.00) 1 (12.50) 76 3.16 [1.52–6.57]

Metformin 58 17 (29.31) 19 (32.76) 349 5.17 [3.89–6.86]

Sitagliptin 9 1 (11.11) 1 (11.11) 121 2.23 [1.13–4.41]

Antivirals for systemic use 51

Aciclovir 37 21 (56.76) 3 (8.11) 49 23.25 [15.12–35.77]

Valaciclovir 14 5 (35.71) 2 (14.29) 97 4.36 [2.48–7.65]

Calcium channel blockers 41

Amlodipine 35 0 (0.00) 7 (20.00) 328 3.26 [2.29–4.64]

Nicardipine 6 0 (0.00) 3 (50.00) 71 2.54 [1.1–5.85]

Immunosuppressants 38

Ciclosporin 20 6 (30.00) 5 (25.00) 105 5.78 [3.57–9.35]

Everolimus 7 0 (0.00) 2 (28.57) 93 2.26 [1.05–4.88]

Tacrolimus 11 3 (27.27) 1 (9.09) 128 2.59 [1.39–4.8]

Contrast media 32

Iobitridol 10 4 (40.00) 2 (20.00) 79 3.81 [1.97–7.37]

Iohexol 16 5 (31.25) 2 (12.5) 74 6.54 [3.8–11.26]

Iopromide 6 2 (33.33) 3 (50.00) 61 2.95 [1.27–6.84]

Miscellaneous drugs 120

Fenofibrate 6 0 (0.00) 3 (50.00) 72 2.5 [1.09–5.76]

Atropine 5 0 (0.00) 1 (20.00) 20 7.51 [2.81–20.04]

Bisoprolol 17 0 (0.00) 4 (23.53) 265 1.93 [1.18–3.17]
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procedures involving radiocontrast agents, and the adminis-
tration of one or more nephrotoxic medications. Indeed,
Feest et al. [10] showed that there is a progressive, age-
dependent, three- to eight-fold increase in the incidence of
community-acquired AKI in patients over the age of 60 years.
Groeneveld et al. [11] showed that the age-related yearly inci-
dence of AKI rose from 17 per million in adults under 50 years
to 949 per million in the 80–89-year age group.

In line with the data in the literature, 616 notifications
(62.2%) in the present analysis involved two or more ‘sus-
pect’ drugs. The risk of AKI induction is particularly high in
the context of polypharmacy, and increases with the number
of drugs prescribed. In one study, it was shown that the simul-
taneous administration of at least two cardiovascular drugs
(antihypertensive agents, antiarrhythmic agents, diuretics,
platelet aggregation inhibitors, lipid-lowering agents and
digoxin) was significantly associated with an increased risk
of AKI [16]. Similarly, a study of the large Taiwan National
Health Insurance Research Database found that
polypharmacy for 31–90 days, 91–180 days and over 181 days
was respectively associated with odds ratios for developing
acute kidney failure of 1.33 (P < 0.001), 1.65 (P < 0.001)
and 1.74 (P < 0.001), when compared with polypharmacy
for less than 30 days [17].

In the present study, the drug classes most frequently as-
sociated with AKI were antibacterial agents for systemic use,
diuretics, agents acting on the renin–angiotensin system, an-
tineoplastic agents and nonsteroidal anti-inflammatory
drugs (NSAIDs). In a previous study of unplanned hospitali-
zations caused by ADRs in older US war veterans, antibiotics,
loop diuretics, ACEIs and NSAIDs were identified as the main
pharmacological classes responsible [18]. More recently,
Handler et al. found that the vast majority of cases of drug-
associated AKI in nursing home residents were related to the
use of diuretics, ACEIs, ARBs and antibiotics [19].

Our results were consistent with the data in the current
literature: 60 of the 68 analysed drugs were known to cause
kidney damage (i.e. as described in the Summary of Product
Characteristics or in the Micromedex drug information data-
base) [20–40].

The main strength of the present study was its exhaus-
tive, nationwide analysis of all drug-induced episodes of

AKI over a 12-month period. It is noteworthy than many
of the affected patients were elderly and were taking several
potentially nephrotoxic drugs. The most frequently impli-
cated drug classes included some very frequently prescribed
medications. These drugs are used to treat acute and chronic
diseases, some of which can also promote the occurrence of
AKI (e.g. heart failure, hypertension, diabetes, infectious
diseases and cancer). In addition, this was the first time that
disproportionality analysis (a previously validated method
[41, 42]) has been applied to the assessment of drug-
induced AKI. All the required information was present in
the database and readily available for analysis. Access to
the FPVD is restricted to the 31 regional pharmacovigilance
centres in France (as part of a national network established
by the ANSM).

The present analysis combined the limitations of
case–control methods with those of spontaneous reporting.
As in all pharmacovigilance studies, we were unable to cal-
culate the true incidence of the ADRs – notably because of
underreporting. However, the magnitude of underreporting
does not affect the results of this kind of study [42]. Fur-
thermore, the objective of the present study was not to cal-
culate the true incidence of drug-induced AKI or to provide
an exhaustive description of all cases of drug-induced AKI.
In this kind of study, the ROR corresponds to the risk of
spontaneous notification of an ADR and not the risk of
AKI occurrence per se. The ROR may also be artificially de-
creased if another drug-specific reaction is reported more
consistently; this dilutes the association by increasing the
frequency of the drug among the noncase reports. For
example, vitamin K antagonists are well known to cause
interstitial nephritis but were not associated with a statisti-
cally significant ROR in the present dataset analysis. This
might be because the ADR most frequently reported to
the pharmacovigilance network for this drug class is bleed-
ing – resulting in a very small proportion of AKI events.
Lastly, data in the FPVD on the patient’s medical history
(including CKD and diabetes) were sparse, which prevented
us from analysing other risk factors possibly associated
with AKI. The present method did not provide us with
detailed information on the patients’ clinical status. Clini-
cally unstable patients are more likely to develop AKI and
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ATC classification
Active substance
(INN)

Total number
of ADRs
with AKI
n

Number of ADRs with
AKI when the drug is
suspected alone
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requiring
RRT
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Immunoglobulins 23 7 (30.43) 15 (65.22) 361 1.92 [1.26–2.94]

Colchicine 37 12 (32.43) 5 (13.51) 155 7.33 [5.1–10.54]

Zoledronic acid 10 9 (90.00) 2 (20.00) 103 2.92 [1.52–5.6]

Sevoflurane 5 1 (20.00) 0 (0.00) 9 16.69 [5.58–49.87]

Lithium 17 11 (64.71) 3 (17.65) 240 2.14 [1.3–3.5]

ADR, adverse drug reaction; ATC, Anatomical, Therapeutic and Chemical; AKI, acute kidney injury; CI, confidence interval; FPVD, French national
pharmacovigilance database; INN, international nonproprietary name; ROR, reporting odds ratio; RRT, renal replacement therapy
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