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Introduction

Nefopam is a non-opiate analgesic commonly used for the treatment of moderate to severe pain, mainly in the post-operative period. Nefopam is available in injectable form as well as tablet.

Only the injectable form is commercialized in France but it's often used off-label by oral route [START_REF] Chawla | Effect of Route of Administration on the Pharmacokinetic Behavior of Enantiomers of Nefopam and Desmethylnefopam[END_REF].

The main symptoms of nefopam intoxication are anticholinergic effects (nausea, excessive sudation, tachycardia and vertigo), neurologic effects (convulsions) or anaphylactic reactions [START_REF] Kerr | Fatal Nefopam Overdose[END_REF][START_REF] Durrieu | Overview of adverse reactions to nefopam: an analysis of the French Pharmacovigilance database[END_REF]. Nefopam is primarily eliminated in urine (87%), less than 5% unchanged. Main metabolites are desmethylnefopam, nefopam-N-oxyde and nefopam-N-glucuronide which represent respectively 6, 3 and 36% of the dose administered in urine [START_REF] Biocodex | Summary of Product Characteristics Acupan (nefopam)[END_REF].

Benzodiazepine screenings are usually performed in hospital laboratories, especially in case of unexplained respiratory depression or neurological disorder. Urinary qualitative screenings are commonly performed on automated analyzers. They are based on Enzyme Multiplied Immunoassay Technique (EMIT), Cloned Enzyme Donor Immunoassay (CEDIA) or Fluorescence polarization immunoassay (FPIA) [START_REF] Qriouet | Analytical Methods Used for the Detection and Quantification of Benzodiazepines[END_REF]. Numerous cross-reactivities have been reported with different drugs on various immunoassays [START_REF] Blank | Efavirenz treatment and false-positive results in benzodiazepine screening tests[END_REF][START_REF] Nasky | False-positive urine screening for benzodiazepines: an association with sertraline? A two-year retrospective chart analysis[END_REF][START_REF] Saitman | False-positive Interferences of Common Urine Drug Screen Immunoassays: A Review[END_REF][START_REF] Allibe | Une interférence analytique peut en cacher une autre : l'exemple de l'urapidil, du dépistage de MDMA et de l'identification d'un stimulant de synthèse, la 2-MeOPP[END_REF]. Nefopam is known to exhibit a cross-reactivity with benzodiazepine immunoassay screenings [START_REF] El-Haj | Cross-reactivity of nefopam and its metabolites with benzodiazepine EMIT immunoassay[END_REF][START_REF] Reid | Positive interference of the analgesic nefopam in the urine immunoassay for benzodiazepines in a secure setting[END_REF]. Cross-reactivity is often explained by the structural similarity between molecules but interference can also be explained by anti-analyte and anti-reagent antibodies [START_REF] Sturgeon | Analytical error and interference in immunoassay: minimizing risk[END_REF].

We report herein an interference between nefopam and benzodiazepine immunoassay screening observed during hospital laboratory routine, documented in a second time with a comparative study on three different immunoassays: EMIT Atellica CH from Siemens Healthineers, MULTIGENT Architect from Abbott Diagnostics and CEDIA Thermo Fisher kits on Cobas from Roche Diagnostics.

Case History

A 58-year-old woman has been hospitalized for unexplained malaise associated with vomiting and neurological disorders. At the laboratory, a urine screening of benzodiazepine by EMIT (Atellica CH Analyzer) was positive. In order to identify the benzodiazepine, a screening by liquid chromatography coupled with diode array detector (LC-DAD) was performed. Only nefopam and two metabolites have been identified. Therefore, a specific benzodiazepine screening method by liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) was performed and did not identify benzodiazepines.

Materiel and methods

Chemicals and Clinical Samples

We purchased a nefopam hydrochloride powder at LGC Standards (Luckenwalde, Germany).

Nefopam was diluted in methanol (Merck, Darmstadt, Germany) to obtain a 100 mg/L stock solution.

The cross-reactivity of nefopam was evaluated using drug free urine spiked with 187.5, 375, 750, 1500, 3000 µg/L of nefopam. We tested this concentration range because of the nefopam concentration measured in this patient urine sample (1219 µg/L). These samples have been tested on EMIT Atellica immunoassay.

Positive and negative clinical control samples have been selected on three criteria: nefopam treatment, no benzodiazepine treatment, availability of urine samples from routine clinical care. Urine samples from three nefopam-treated patients were used as positive controls (doses are shown in Table 1). Negative controls consisted of urine samples from 2 patients who were not treated by nefopam.

Analytical methods

1) Immunoassays

Atellica CH Benzodiazepines on Atellica CH Analyzer, from Siemens Healthineers, is an EMIT immunoassay which uses polyclonal anti-diazepam antibodies and diazepam labelled with a bacterial glucose-6-phosphate dehydrogenase (G6PDH) [START_REF] Healthineers | Notice of "Atellica CH Benzodiazepines[END_REF]. The measuring range is from 50 to 900 µg/L and the positivity threshold is set to 200 µg/L. The MULTIGENT Benzodiazepines assay is performed on Architect c8000 analyzer from Abbott Diagnostics. The result is interpreted as follows: negative if the signal is below 100, positive if the signal is above 1100 and uninterpretable if the signal is between 100 and 1100. Therefore, a specific method is required. The antibody target is not specified [START_REF] Diagnostics | Notice of[END_REF]. The CEDIA benzodiazepines kit (commercialized by Thermo Scientific) is performed on Cobas analyzer from Roche Diagnostics. The antibody target is not specified [START_REF] Fischer | Notice of "Test CEDIA Benzodiazépines[END_REF]. The positivity threshold is 300 µg/L.

2) Liquid chromatography coupled with diode array detector

The analyses were performed on an ultra-performance liquid chromatography (UPLC) system (Waters Acquity HClass UPLC) consisting of a sample manager FTN-H, a quaternary solvent manager, a column manager and a PDA eλ detector. For chromatographic separation, an Acquity UPLC BEH C18 1.7µm (2,1x150mm) column thermostated at 50°C was used. One milliliter of urine was extracted with 2 mL of phosphate buffer pH 9,2 (VWR, Leuven, Belgium) and 4 mL of hexane/dichloromethane (Carlo Erba reagents, Val-de-Reuil, France) mixture (40/60) in the presence of internal standards (ethyl loflazepate, Sanofi, Ambares, France, 5µL, 100mg/L). After centrifugation, the organic phase was air dried under nitrogen and the dry extract was reconstituted by 100µL of a phosphate buffer mixture and acetonitrile (VWR, Fontenay-sous-Bois, France) /water (70/30). The volume injected was 5 µL and the analytical run lasted 15 minutes. For nefopam quantification, calibration curve samples were prepared within the range of 5-300 µg/L in six points (5, 10, 30, 75, 150, 300 µg/L) in drug free plasma. Nefopam and ethyl loflazepate (internal standard) retention times were 4.51 and 7.91 minutes, respectively. The quantification was performed at 230 nm. The calibration curve was computed in area ratio and was linear (r2 = 0.9984) from 5 to 300 µg/L. The curve equation was y = 2.96.10e -4 x + 9.64.10e -4 . Nefopam metabolites were identified on the basis of the UV spectrum similarity and retention time proximity. Metabolites 1 and 2 had a retention time of 4.5 and 4.2 minutes, respectively. We performed a relative quantification with area ratio (Metabolite Area / Internal Standard Area).

3) Liquid chromatography coupled with tandem mass spectrometry

Targeted benzodiazepine screening was carried out on a HPLC system (SHIMADZU LC Prominence) consisting of 3 LC 20AD pumps, a refrigerated injector (SIL 20 AC) and an ABSciex 3200 QTRAP mass spectrometer (ABSciex, Toronto, Ontario, Canada) with a positive-mode electrospray ionization source. Urine sample (500µL) was hydrolyzed with 62.5 µL solution of ßglucuronidase enzyme (Helix Pomatia 1 MU, Sigma Aldrich, Steinheim, Germany) at 56°C for one hour. A liquid extraction was carried out with 4mL of hexane/dichloromethane (4/3) mix and 2mL of carbonate buffer pH 9.2 (VWR, Leuven, Belgium). The dry extract was reconstituted with 300 µL of hexane/dichloromethane (4/3) mix and evaporated again. The second dry extract was finally reconstituted with 50µL of acetonitrile/formic acid (VWR, Leuven, Belgium) and ammonium formate buffer mix (VWR, Leuven, Belgium). After centrifugation, 15µL of the supernatant were injected into the system. The extracts were then purified on-line on a 2mm Nucleodur C18 Gravity 3μm column and separated on a Macherey Nagel Nucleodur C18 column (2.0x125 mm -3μm) thermostated at 

Results

Urine samples spiked with nefopam (187.5, 375, 750, 1500 and 3000 µg/L) showed negative result on EMIT Atellica. Screening by LC-DAD and LC-MS/MS did not reveal any benzodiazepine and metabolite in the selected control samples. Screening by LC-DAD confirmed the presence of nefopam and its metabolites for the three patients who were treated by nefopam and the absence for the two negative control patients.

Results obtained from all analyzed urines are summarized in Table 1. For the patient, the results are different depending of the immunoassay kit used. The two negative controls were negative for the three tested kits. For 2/3 nefopam-treated patients, we observed a result in the grey area (uninterpretable result) for the MULTIGENT Architect immunoassay requiring a confirmatory specific screening. All the urinary samples tested on CEDIA immunoassay were negative.

Immunoassays results did not seem to be linked to nefopam urinary concentration. Indeed, result from sample 5 was uninterpretable on Architect with a concentration above the limit of quantification (< 5 µg/L) but with the presence of two metabolites. Conversely, sample 3 had only nefopam but no metabolite and did not exhibited a cross-reactivity on the three immunoassays. This interference is not mentioned in the kit notices [START_REF] Healthineers | Notice of "Atellica CH Benzodiazepines[END_REF][START_REF] Diagnostics | Notice of[END_REF][START_REF] Fischer | Notice of "Test CEDIA Benzodiazépines[END_REF].

Discussion

This is the first study that evaluates nefopam interference on urinary benzodiazepine screening with three different kits from three different suppliers. From a clinical case, we performed a comparative study highlighting the implication of nefopam metabolites in the cross-reactivity observed.

These results are consistent with previously reported data from three nefopam-treated volunteers for whom EMIT immunoassays were positive [START_REF] El-Haj | Cross-reactivity of nefopam and its metabolites with benzodiazepine EMIT immunoassay[END_REF]. An oral administration of 120 mg of nefopam has resulted in false-positive Benzodiazepine EMIT assay tests (Dade Behring EMIT d.a.u. and EMIT II Plus) for at least 24 hours. Furthermore, negative-drug urine samples spiked with nefopam (5-1000 mg/L) showed negative results. These data suggested that this cross-reactivity resulted from the contribution of nefopam metabolites. This interference is not mentioned in supplier kit records for new generation benzodiazepine immunoassay screenings despite previous studies [START_REF] El-Haj | Cross-reactivity of nefopam and its metabolites with benzodiazepine EMIT immunoassay[END_REF][START_REF] Reid | Positive interference of the analgesic nefopam in the urine immunoassay for benzodiazepines in a secure setting[END_REF]. El Hadj et al suggested that this cross-reactivity is probably due to structural similarity between nefopam and first generation benzodiazepines (Figure 1).

Benzodiazepines immunoassay screenings are convenient, automated and fast, explaining why they are widespread in laboratories, although their interpretation could be difficult. The main limitations of Benzodiazepine immunoassays are false negative results, due to the poor cross reactivity of certain benzodiazepines. Here we reported that benzodiazepine immunoassay, notably EMIT Atellica and MULTIGENT Architect could also give false positive results on urine from patients treated with nefopam whereas CEDIA benzodiazepine immunoassay kit from Thermo Fischer did not exhibit cross-reactivity in our study. Since nefopam consumption has widely increased in the last years, especially in France [START_REF] Durrieu | Overview of adverse reactions to nefopam: an analysis of the French Pharmacovigilance database[END_REF], this interference should be known and mentioned in the supplier notice.

However, CEDIA benzodiazepine immunoassay kit from Thermo Fischer did not exhibit crossreactivity with nefopam in our study.

We acknowledge some limitations in our study. It would have been interesting to identify the metabolite(s) responsible for the positivity of the tests, and to test in vitro the threshold concentrations responsible for cross reactivity.

Conclusion

This study highlights the need to confirm a positive benzodiazepine immunoassay screening by more specific techniques. Nefopam cross-reactivity on benzodiazepine screening is immunoassayspecific, hence it should be recommended to evaluate each kit and meet the risk control requirements when preparing the validation report [START_REF]Exigences particulières concernant la qualité et la compétence[END_REF]. The interference is probably due to nefopam metabolites.

Additional tests should be performed on immunoassay kits during the development phase, prior to commercialization. Drug metabolites as well as "real life" patient urine samples should be tested for cross-reactivity evaluation. 

  30•C. The benzodiazepines and benzodiazepine-related screened by this method are the following: adinazolam, alprazolam, alprazolam-alpha-hydroxy , bromazepam , clobazam, clobazam-desmethyl, clonazepam, clonazepam-7-amino , clonazolam, clotiazepam, diazepam, diclazepam, estazolam, etiazolam, flobromazolam, flubromazepam, flunitrazepam, flunitrazpam-7-amino, flunitrazepam desmethyl, flunitrazepam-hydroxyl, loflazepate, loprazolam, lorazepam, lormetazepam, meclonazepam, metizolam, midazolam, midazolam-hydroxyl, nifoxipam, nitrazepam, nordiazepam, oxazepam, phenazepam-hydroxyl, prazepam, pyrazolam, temazepam, tetrazepam, triazolam, zolpidem, zopiclone, zopiclone-N-desmethyl.
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Table 1 :

 1 Comparative study of three urine benzodiazepines immunoassay screenings. Immunoassay results are expressed as signal/interpretation. (ND = Not detected; EMIT = Enzyme Multiplied Immunoassay Technique; CEDIA = Cloned Enzyme Donor Immunoassay)

			Negative controls		Positive controls	
		Patient					
			1	2	3	4	5
	Age	58	35	48	73	47	3
	Gender	F	F	M	M	F	M
	Dose (mg/d)	Intoxication	0	0	20	60	16
		356	<50	<50	<50	177	105
	EMIT Atellica						
		Positive	Negative	Negative	Negative	Negative	Negative
		539	88	57	54	283	204
	MULTIGENT Architect						
		Uninterpretable	Negative	Negative	Négatif	Uninterpretable	Uninterpretable
		166	12	<0,5	<0,5	47	33
	CEDIA Cobas						
		Negative	Negative	Negative	Negative	Negative	Negative
	Nefopam concentration (µg/L)	1219	ND	ND	15	132	<5
	Metabolite 1 Area Ratio	0,618	ND	ND	ND	0,080	0,021
	Metabolite 2 Area Ratio	0,029	ND	ND	ND	0,016	0,001