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Abstract 
 
Backgound/Aim. Flumazenil is benzodiazepine receptor an-
tagonist. It has been studied for a various indications, including re-
versal of sedation after surgery or diagnostic procedures, awaken-
ing of comatose patients in benzodiazepine overdose, or for symp-
tomatic treatment of hepatic encephalopathy. Some drugs, like 
theophylline, may prolong its elimination half-life. Considering the 
long half-life of diazepam and its metabolites, concomitant use of 
theophylline may reduce the need for repeated dosing of flu-
mazenil in patients with acute diazepam poisoning. The aim of this 
study was to introduce a reliable and accurate method for deter-
mining the concentration of flumazenil after therapeutic applica-
tion in patients with acute poisoning, and using that method to as-
sess whether the kinetics of flumazenil change in the presence of 
aminophylline (combination of theophylline and ethylenediamine 
in a 2 : 1 ratio) applied as concomitant therapy. Methods. Blood 
samples from patients with acute diazepam poisoning that received 
flumazenil at the dose of 0.5 mg, or the same dose with 3 mg/kg 
of body weight of aminophylline, were collected 1, 3, 10, 30, 60, 
120 and 240 min after its intravenous administration. Samples were 
prepared by solid-phase extraction on Oasis HLB cartridges with 
ethylacetate as extracting agens. Flumazenil was determined by liq-

uid chromatography with mass spectrometry (LC-MS) in single ion 
monitoring mode at m/z 304. Separation of flumazenil from ma-
trix compound was performed on Lichrospher RP-8 column using 
the mixture of acidic acetonitrile and 20 mM of ammonium acetate 
in water (55 : 45) as a mobile phase. Results. The applied anality-
cal method showed excellent recovery (94.65%). The obtained ex-
tracts were much cleaner than the extracts obtained by the same 
extractant in the process of liquid-liquid extraction. The limit of 
detection of the LC-MS method described in this paper was 0.5 
ng/mL and the limit of quantitation was 1 ng/mL. In the patients 
treated with both flumazenil and aminophylline, the elimination 
constant for flumazenil was significantly lower and the elimination 
half-life was longer (p < 0.05) in comparison with the same pa-
rameters in the patients who received flumazenil alone. Conclu-
sion. The applied LC-MS method for the determination of flu-
mazenil in serum samples of patients with acute diazepam poison-
ing is rapid, sensitive, precise and specific. Concomitant use with 
theophylline significantly prolonged elimination of flumazenil dur-
ing the treatment of acute poisonings with diazepam. 
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Apstrakt 
 
Uvod/Cilj. Flumazenil je antagonist benzodiazepinskih recepto-
ra čiji su efekti ispitivani kod različitih indikacija kao što su rever-
zija sedacije posle hirurških intervencija ili dijagnostičkih proce-
dura, terapija kome u akutnim trovanjima ili simptomatska tera-
pija hepatične encefalopatije. Pojedini lekovi, kao što je teofilin, 
mogu dovesti do produženja poluvremena eliminacije flumazeni-
la. Imajući u vidu dugo poluvreme eliminacije diazepama i njego-
vih metabolita, istovremena upotreba teofilina sa flumazenilom 
bi smanjila potrebu za ponovljenim davanjem flumazenila kod 

bolesnika sa akutnim trovanjem diazepamom. Stoga, cilj ovog 
rada bio je uvođenje pouzdane i precizne metode za određivanje 
koncentracije flumazenila u krvi nakon terapijske primene kod 
bolesnika sa akutnim trovanjem, a zatim, primenom ove metode 
utvrđivanje da li dolazi do izmena u kinetici flumazenila u prisus-
tvu istovremeno primenjivanog aminofilina (kombinacija teofili-
na i etilendiamina u odnosu 2 : 1). Metode. Uzorci krvi bolesni-
ka sa akutnim trovanjem diazepamom koji su dobili samo fluma-
zenil u dozi od 0,5 mg ili istovremeno sa 3 mg/kg aminofilina, 
uzeti su 1, 3, 10, 30, 60, 120 i 240 min nakon njegove intravenske 
primene. Uzorci su pripremani čvrsto-faznom ekstrakcijom 
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(SPE) na Oasis HLB kertridžima sa etilacetatom kao ekstrakcio-
nim agensom. Flumazenil je određen tečnom hromatografijom 
sa masenom spektrometrijom (LC-MS) u single ion monitoring 
(SIM) modu na m/z 304. Razdvajanje flumazenila od kompo-
nenti matriksa izvršeno je na Lichrospher RP-8 koloni uz ko-
rišćenje smeše kiselog acetonitrila i 20 mM amonijum acetata u 
vodi (55 : 45) kao mobilne faze. Rezultati. Primenjena analitička 
metoda pokazala je odličan analitički prinos (94.65%). Dobijeni 
ekstrakti bili su čistiji nego ekstrakti dobijeni pomoću istog eks-
traktanta nakon tečno-tečne ekstrakcije. Limit detekcije i limit 
kvantifikacije (LoQ) opisane LC-MS metode bili su 0,5 ng /mL i 
1 ng/mL. Kod bolesnika lečenih istovremenom primenom flu-

mazenila i aminofilina, konstanta eliminacije za flumazenil bila je 
značajno veća, a poluvreme eliminacije značajno duže u odnosu 
na ove parametre praćene u grupi bolesnika koja je primila samo 
flumazenil (p < 0,05). Zaključak. Primenjena LC-MS metoda za 
određivanje flumazenila u serumu bolesnika sa akutnim trova-
njem diazepamom je brza, osetljiva, precizna i specifična. Istov-
remena primena teofilina značajno produžava eliminaciju fluma-
zenila prilikom lečenja akutnih trovanja diazepamom. 

 
Ključne reči: 
diazepam; trovanje; flumazenil; aminofilin; hromatografija, 
tečna; spektrometrija mase. 

 

Introduction 

Flumazenil, an imidazobenzodiazepine, is a competitive 
antagonist of benzodiazepine receptors. It selectively binds to 
these receptors in the central nervous system, thus blocking acti-
vation of inhibitory gama-aminobutyric acid (GABA)-ergic 
synapses. This way, flumazenil antagonizes central effects of 
substances which manifest their activity through benzodiazepine 
receptors 1–3. Flumazenil has been studied for a various indicati-
ons, including reversal of sedation after short-lasting surgery or 
diagnostic procedures like endoscopy, awakening of comatose 
patients in benzodiazepine overdose, or for symptomatic treat-
ment of hepatic encephalopathy 4–7. 

Flumazenil may be administered as an antidote in acute 
poisoning with benzodiazepines 8, 9, but it should not be used in 
patients with the history of epilepsy or with  benzodiazepine 
intoxication combined with tricyclic antidepressants 10, 11. Flu-
mazenil may precipitate withdrawal syndrome, cardiovascular 
effects, or seizures in overdosed benzodiazepine dependent pati-
ents 8, 12, 13. Because of contraindications and adverse effects, 
flumazenil must be used with caution in poisoning with benzo-
diazepines. Although it increases the level of consciousness in 
benzodiazepines poisonings, because many benzodiazepines 
have a longer half-life than flumazenil, resedation is possible 
soon after application, and therefore, sometimes it is necessary 
to apply several doses of the drug to improve the therapeutic 
efficiency 8. 

Flumazenil does not alter the pharmacokinetics of benzo-
diazepines 14, end the extent to which flumazenil antagonizes ef-
fects of benzodiazepines depends on the dose and the concentra-
tion of both drugs in plasma 1. The metabolism of flumazenil is 
rapid and extensive, and takes place in the liver. The medium 
half-life of flumazenil in plasma is about 54 min (41–79 min) 1, 
but there are some substances, like theophylline which could 
prolong its half-life 15. 

Determination of flumazenil in serum samples may be car-
ried out using various chromatographic techniques 15–27. Often it 
has been applied to high performance liquid chromatography 
(HPLC) with ultraviolet detection (HPLC-UV) 16–21, but a more 
specific and sensitive method is liquid chromatography with 
mass spectrometry (LC-MS) detection 22–25. 

Thus, the aim of this study was to introduce a reliable and 
accurate method for determining the concentration of flumazenil 
after therapeutic application in patients with acute diazepam poi-

soning, and using that method to assess whether the kinetics of 
flumazenil change in the presence of aminophylline combinati-
on that contains teophylline and ethylenediamine in a 2 : 1 ratio) 
applied as parallel therapy, because slowing of elimination may 
prolong its antidotal action and thus reduce the need for repeated 
doses. 

Methods 

Material  
 
Flumazenil and fluoxetine (an internal standard) analytical 

standards were obtained from the companies Roche (Basel, 
Switzerland) and Sigma-Aldrich (St. Luis, Missouri, United Sta-
tes), respectively. HPLC grade acetonitrile and methanol, as 
well as acetic acid, ammonium acetate, ethyl acetate and 
hydrochloric acid p.a, were obtained from Merck (Darmstadt, 
Germany). Water was purified by Millipore Milli-Q system. 
Cartridges for solid-phase extraction Oasis HLB 30 μm, 1 mL, 
were obtained from Waters (Manchester, United Kingdom).   

Blood samples from the two groups of patients (10 persons 
each) with acute diazepam poisoning, who received flumazenil 
at the dose of 0.5 mg, or the same dose with the 3 mg/kg of 
body weight of aminophylline, were collected 1, 3, 10, 30, 60, 
120 and 240 min after intravenous administration. 

 
Method  
 
For determination of flumazenil in serum a mass spectro-

meter with chemical ionization at atmospheric pressure (Finni-
gan MAT SSQ7000 LC/MS – ESI System) with HPLC P2000 
binary pump, degasser SCM1000 and autosampler AS3000 
were used. Mobile phase was a mixture of the solution A (ace-
tonitrile: glacial acetic acid = 99 : 1) and B (20 mM of ammoni-
um acetate in water) in the ratio of 55 : 45. The flow rate of mo-
bile phase was 1 mL/min. Separation of flumazenil and internal 
standard from matrix compound was performed on a column 
Lichrospher 100 RP-8 E 250-4, 5 μm (Merck), with guard co-
lumn Lichrochart 4–4 RP-8 (Merck) at ambient temperature af-
ter injection of 50 μL of sample. 

A mass detector was adjusted to work in a single ion moni-
toring (SIM) mode for masses m/z 304 and 310 for flumazenil 
and internal standard, respectively. The electron multiplier vol-
tages was 2,200 V. The capillary and the tube lens voltages were 
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Fig. 1 – Mass spectrum of flumazenil. 
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Fig. 2 – Calibration curve of serum spiked with flumazenil. 

AUC – area under the curve; IS – internal standard 
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Fig. 3 – Chromatogram of: a) internal standard, b) serum spiked with flumazenil and c) pool serum. 

26.8 V and 115.9 V, respectively. The pressure of the main and 
the auxiliary gas (N2) was 60 and 150 psi, respectively.  

 
Preparation of a standard solution and samples  
 
The stock standard solution of flumazenil was prepared by 

dissolving 10 mg in 10 mL acetonitrile and stored at +4ºC. Cali-
bration curve solutions were prepared by adding  flumazenil 
standard solution in pool serum and prepared like serum sam-
ples. 

Extraction of flumazenil from serum samples was perfor-
med on the Oasis HLB cartridge, previously activated with 1 
mL of methanol and 1 mL demineralised water. In a serum 
sample 0.05 mL of internal standard (fluoxetine) and 0.1 mL 
1M hydrochloric acid were added. After mixing and centrifuga-
tion at 8,360 rpm, a sample was loaded to the activated cartrid-
ge. The cartridge was washed with 1 mL of 5% methanol. Eluti-
on of flumazenil and the internal standard (IS) is carried out with 

3 mL of ethyl acetate. The obtained eluate was evaporated under 
the stream of air to dryness, reconstituted in 1 mL of mobile 
phase and analyzed by the LC-MS method. 

Comparison of the mean flumazenil maximum concentra-
tion (Cmax), elimination constant (Ke) and elimination half-life 
(t1/2) after its applying alone or in combination with 
aminophylline was done by Student`s t-test. 

Results 

Using the described method, retention times for flumazenil 
and internal standard were 4.4 min and 2.5 min, respectively. Fi-
gure 1 shows the mass spectrum of flumazenil.  

Calibration curve solutions were prepared by adding a flu-
mazenil standard solution in pool serum and prepared like serum 
samples. The calibration curve was linear in the concentrations 
range of 1; 2.5; 5; 10; 25; 50 and 100 ng/mL (Figure 2). 

 Chromatograms of the internal standard, serum spiked with 
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Table 1 

Inter-day coefficient of variation (CV) for determination of flumazenil by liquid chromatography with mass 
spectrometry (LC-MS) method 
1st day 2nd day  

Added  
concentration 
(mg/L) 

Obtained  
concentration 

(mg/L) 
ґ ± SD CV 

Obtained  
concentration 

(mg/L) 
ґ ± SD CV 

10.15 10.14 
10.97 8.55 

 
1.0 

9.37 

 
10.16 ± 0.79 

 
7.86% 

10.09 

 
9.59 ± 0.90 

 
9.42% 

49.23 49.432 
48.66 48.11 

 
10.0 

52.53 

 
50.14 ± 2.09 

 
4.16% 

51.98 

 
49.84 ± 1.96 

 
3.94% 

101.23 100.98 
103.42 102,90 

 
100.0 

98.01 

 
100.88 ± 2.72 

 
2.70% 

97,16 

 
100.35 ± 2.92 

 
2.91% 

ґ – mean value; SD – standard deviation; CV  – coefficent of veriation. 
     

Table 2 
Analytical recovery for flumazenil 

AUC flumazenil/ AUC IS Flumazenil conc. 
 (ng/mL) Standard Spiked serum 

 
Recovery (%) 

1 0.3507 0.3208 91.48 
2.5 0.4195 0.3909 93.18 
5 0.3615 0.3437 95.07 
10 0.9528 0.8994 94.39 
25 1.3942 1.2920 92.67 
50 2.6574 2.6342 99.13 
100 5.0906 4.9211 96.67 

AUC – arca under the curve; IS – internal standard. 

Table 3 
Pharmacokinetic parameters of flumazenil in patients treated with flumazenil only or with flumazenil and 

aminophylline 
flumazenil flumazenil + aminophylline Patient 

Cmax (ng/mL) Ke (min-1) t1/2 (min) Cmax (ng/mL) Ke (min-1) t1/2 (min) 
1. 34.65 0.0211 32.87 22.78 0.0156 44.46 
2. 28.72 0.0168 41.22 92.60 0.0092 75.40 
3. 94.33 0.0093 74.62 81.02 0.0050 137.63 
4. 76.91 0.0131 52.67 131.87 0.0070 98.84 
5. 26.45 0.0100 69.01 28.30 0.0050 137.42 
6. 19.82 0.0121 57.29 27.53 0.0075 91.86 
7. 41.92 0.0127 54.33 60.56 0.0071 98.07 
8. 65.34 0.0091 76.35 21.07 0.0037 188.25 
9. 107.27 0.0171 40.46 43.62 0.0097 71.18 
10. 23.46 0.0115 60.36 15.42 0.0048 144.96 
ґ ±  SD  51.89±31.78 0.0133±0.0039 55.92±14.75 52.48±38.47 0.0075±0.0035 108.81±42.47 

Cmax – maximum concentration; Ke – elimination constant; t1/2 – elimination half-life; ґ – mean value; SD – standard deviation. 
 

100 ng/mL of flumazenil and pool serum are shown in Figure 3.  
The intra-day precision of the method was assessed by 

calculating the coefficient of variation (CV) for the measured 
parameter of the method (ratio of peak area of flumazenil 
and IS) and determined on the same day. It was done by pre-
paring ten flumazenil standard samples with concentration of 
10 ng/mL and determining by the LC-MS method. The CV 
was 5.18%. The inter-day CVs for spiked serum were also 
acceptable and are shown in Table 1. 

The mean analytical recovery was 94.65% (ranged from 
91.48 to 99.13%). Table 2 shows the analytically recovery 
from the serum after solid-phase extraction with ethyl acetate 
on the Oasis HLB cartridges. 

The limit of detection (LoD) was defined as the concen-

tration at which the signal to noise ratio is equal to, or greater 
than three, and the limit of quantitation (LoQ) was defined as 
the concentration at which the signal to noise ratio is equal 
to, or greater than ten. Accordingly, LoD and LoQ were 0.5 
ng/L and 1.0 ng/mL, respectively.  

Determination of flumazenil in serum samples of patients 
was carried out on the basis of the equation of the calibration cur-
ve, which was obtained upon the analysis of spiked serum. Linear 
regression of flumazenil was y = 0.0467 x + 0.2515 (R = 0.9958 
for the concentration range of 1 to 100 ng/mL). Main pharmaco-
kinetic parameters of flumazenil including Cmax, Ke and t1/2 are 
listed in Table 3. Student’s t-test revealed a significantly lower Ke 
(p < 0.05) and a significantly longer t1/2 (p < 0.05) in patients trea-
ted with both flumazenil and aminophylline. 
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Discussion 

Isolation of flumazenil from the biological material can 
be done by liquid-liquid 25 or solid-phase extraction 20. 
Previously reported analytical recovery for flumazenil after so-
lid-phase extraction was 78% 21. In our study, the applied 
extraction on Oasis HLB cartridges with ethyl acetate as 
extractant, for preparation of serum samples from acutely poi-
soned patients showed better recovery (94.65%). Uppon our 
previous experience in flumazenil determination, the obtained 
extracts were much cleaner than the extracts obtained by the 
same extractant in the process of liquid-liquid extraction (data 
not shown). We found that in comparisson with liquid-liquid 
extraction,  solid-phase exraction is simpler, faster to perform 
and safer for analyst, which is of great importance when it is 
necessary to analyze a large number of samples.  

The literature describes a variety of chromatographic 
techniques for the determination of flumazenil such as gas 
chromatography with nitrogen-phosphorus or mass spectrome-
tric detectors and HPLC-UV,  LC-MS 15–27. Thus, Bun et al. 17 
described the HPLC-UV method for determination of fluma-
zenil in serum at 245 nm with the detection limit of 2 ng/mL. 
Similar result was obtained by Zedkova et al. 18, with the de-
tection limit of 2.5 ng/mL and detection at 250 nm.  

Liquid chromatography coupled with mass-
spectrometric detection is the most sensitive and the most 
specific analytical method of drugs in biological samples. 
Generally, the sensitivity of this method may be increased 
performing tandem mass spectrometry (LC-MS-MS). The 
reported limit of detection using LC-ESI-MS method for 
flumazenil was 2.5 ng/mL21. However, the limit of detecti-
on of the LC-MS method described in this paper was lower 
and achieved 0.5 ng/mL, while the limit of quantification 
was 1 ng /mL. 

We applied the described LC-MS method for determina-
tion of flumazenil in serum samples and used the obtained data 
for calculating the pharmacokinetic parameters: cmax, t1/2 and 
Ke. According to the literature, the mean cmax of flumazenil in 
plasma after intravenous infusion of 2 mg of this drug was 55 
ng/mL 1.  

Our data on the flumazenil concentration in serum of pa-
tients poisoned by diazepam showed significant inter-
individual differences, which are in accordance with the fact 
that the drug is administered in a fixed dose to patients with 
different pharmacokinetic properties.  

The mean t1/2 of flumazenil in the group of patients over-
dosed with diazepam receiving the drug was 55.92 ± 14.75 

which is similar to literature data of 54 min 1. However, in the 
group of patients receiving both flumazenil and aminophylline, 
the mean t1/2 of flumazenil was longer (almost double) (108.81 ± 
42.47 min). The Ke of flumazenil in this group was also lower 
(0.0075 ± 0.0035 min-1) than in the group receving only fluma-
zenil (0.0133 ± 0.0039 min-1). Despite the great interindividual 
variance, the results for the Ke and t1/2 of flumazenil showed a 
statistically significant slowing of flumazenil elimination in the 
presence of theophylline in blood.  

The results of limited previously published studies showed 
that combined application of flumazenil and theophylline resul-
ted in a prolonged t1/2 of flumazenil in rabbits 28. Also, in patients 
sedated with midazolam, Bonfiglio et al. 15 revealed that 
theophylline appeared to significantly prolong the half-life of 
flumazenil. However, the mechanism of interaction of these two 
drugs is not known. 

The main metabolic transformation of flumazenil involves 
the activation of carboxylesterase to form flumazenil acid as the 
major metabolite which is without pharmacological activity. In a 
small percentage flumazenil may be demehylated through 
cytochrome P450. The metabolism of theophylline involves 
mainly hydroxylation and demethylation. In both processes 
cytochrome P450 oxidase is involved 29, 30. This fact supports the 
hypothesis that in the case of combined use, flumazenil and 
theophylline may compete for binding to the same enzyme in-
volved in the process of demethylation. 

In recent years, effects of flumazenil and aminophylline 
have been investigated in reversal of different kinds of anesthe-
sia 31–34. Concomitant use of both drugs may also be explored, 
having in mind their synergic action and interactions. Extended 
half-life of flumazenil in combination with theophylline may al-
so be of importance in the treatment of poisonings with long-
acting benzodiazepines. 

Conclusion 

The applied liquid chromatography with mass 
spectrometry method for the determination of flumazenil in se-
rum samples of patients acutely poisoned with diazepam is ra-
pid, sensitive, precise and specific. The applied solid-phase 
extraction gave very good recovery, which is very important 
considering low concentrations in samples. The method is ap-
plicable to the routine determination of flumazenil serum con-
centrations, as well as in pharmacokinetic studies. Also, our 
results confirm previous findings that the concomitant use of 
theophylline significantly prolongs elimination of flumazenil 
during the treatment of acute poisonings with diazepam. 

 

R E F E R E N C E S

1. Anexate (Flumazenil) product monograph. Basle, Switzerland: F. 
Hoffmann-La Roche & Co. Limited Company; 1987. [published 
2008 December 30]. Available from: 
http://rochecanada.com/fmfiles/re7234008/Research/ClinicalTr
ialsForms/Products/Consumer information/ Monographsand-
Public Advisories/Anexate/anexateJune3pmE.pdf. 

2. Votey SR, Bosse GM, Bayer MJ, Hoffman JR. Flumazenil: a new ben-
zodiazepine antagonist. Ann Emerg Med 1991; 20(2): 181−8.  

3. Whitwam JG, Amrein R. Pharmacology of flumazenil. Acta Anaes-
thesiol Scand Suppl 1995; 108: 3−14.   

4. Wille RT, Chaffee BW, Ryan ML, Elta GH, Walter V, Barnett 
JL. Pharmacoeconomic evaluation of flumazenil for routine 
outpatient EGD. Gastrointest Endosc 2000; 51(3): 282−7.  

5. Krisanda TJ. Flumazenil: an antidote for benzodiazepine tox-
icity. Am Fam Physician 1993; 47(4): 891−5.  



Vol 73, No. 2 VOJNOSANITETSKI PREGLED Page 151 

Djordjević S, et al. Vojnosanit Pregl 2016; 73(2): 146–151. 

6. Weinbroum A, Rudick V, Sorkine P, Nevo Y, Halpern P, Geller E, 
et al. Use of flumazenil in the treatment of drug overdose: a 
double-blind and open clinical study in 110 patients. Crit 
Care Med 1996; 24(2): 199−206. 

7. Als-Nielsen B, Kjaergard LL, Gluud C. Benzodiazepine receptor 
antagonists for acute and chronic hepatic encephalopathy. 
Cochrane Database Syst Rev 2001; (4): CD002798.  

8. Hoffman EJ, Warren EW. Flumazenil: a benzodiazepine antago-
nist. Clin Pharm 1993; 12(9): 641−56.  

9. Mégarbane B, Buisine A, Jacobs F, Résière D, Chevillard L, Vicaut E, 
et al. Prospective comparative assessment of buprenorphine 
overdose with heroin and methadone: clinical characteristics 
and response to antidotal treatment. J Subst Abuse Treat 2010; 
38(4): 403−7.  

10. Woolf AD, Erdman AR, Nelson LS, Caravati E, Cobaugh DJ, 
Booze LL, et al. Tricyclic antidepressant poisoning: an evi-
dence-based consensus guideline for out-of-hospital manage-
ment. Clin Toxicol (Phila) 2007; 45(3): 203−33.  

11. Lopez A, Rebollo J. Benzodiazepine withdrawal syndrome after 
a benzodiazepine antagonist. Crit Care Med 1990; 18(12): 
1480−1.  

12. Marchant B, Wray R, Leach A, Nama M. Flumazenil causing 
convulsions and ventricular tachycardia. BMJ 1989; 299(6703): 
860. 

13. Thomson JS, Donald C, Lewin K. Use of Flumazenil in Benzodi-
azepine overdose. Emerg Med J 2006; 23(2): 162. 

14. Klotz U, Duka T, Dorow R, Doenicke A. Flunitrazepam and lor-
metazepam do not affect the pharmacokinetics of the benzo-
diazepine antagonist Ro 15-1788. Br J Clin Pharmacol 1985; 
19(1): 95−8.  

15. Bonfiglio MF, Fisher-Katz LE, Saltis LM, Traeger SM, Martin BR, 
Nackes NA, et al. A pilot pharmacokinetic-pharmacodynamic 
study of benzodiazepine antagonism by flumazenil and ami-
nophylline. Pharmacotherapy 1996; 16(6): 1166−72. 

16. Scheepers LD, Montgomery CJ, Kinahan AM, Dunn GS, Bourne RA, 
McCormack JP. Plasma concentration of flumazenil following 
intranasal administration in children. Can J Anaesth 2000; 
47(2): 120−4.  

17. Bun H, Duplan V, Crevat-Pisano P, Llurens M, Durand A. Rapid 
determination of the benzodiazepine antagonist flumazenil, Ro 
15-1788, by high performance liquid chromatography. Biomed 
Chromatogr 1989; 3(6): 269−71.  

18. Zedkova L, Rauw GA, Baker GB, Coupland NJ. A rapid high-
pressure liquid chromatographic procedure for determination 
of flumazenil in plasma. J Pharmacol Toxicol Methods 2001; 
46(1): 57−60.  

19. Vletter AA, Burm AG, Breimer LT, Spierdijk J. High-
performance liquid chromatographic assay to determine mida-
zolam and flumazenil simultaneously in human plasma. J 
Chromatogr 1990; 530(1): 177−85.  

20. Chan K, Jones RD. Simultaneous determination of flumazenil, 
midazolam and metabolites in human biological fluids by liq-
uid chromatography. J Chromatogr 1993; 619(1): 154−60.  

21. Lavén M, Appel L, Moulder R, Tyrefors N, Markides K, Långström 
B. Determination of flumazenil in human plasma by liquid 
chromatography-electrospray ionisation tandem mass spec-

trometry. J Chromatogr B Analyt Technol Biomed Life Sci 
2004; 808(2): 221−7.  

22. Kanazawa H, Nagata Y, Matsushima Y, Takai N, Uchiyama H, Ni-
shimura R, et al. Liquid chromatography-mass spectrometry for 
the determination of medetomidine and other anaesthetics in 
plasma. J Chromatogr 1993; 631(1−2): 215−20.  

23. Lavén M, Markides K, Långström B. Analysis of microsomal met-
abolic stability using high-flow-rate extraction coupled to capil-
lary liquid chromatography-mass spectrometry. J Chromatogr 
B Analyt Technol Biomed Life Sci 2004; 806(2): 119−26.  

24. Djordjevic S, Kovacevic I, Miljkovic B, Vuksanovic J, Pokrajac M. 
Liquid chromatographic-mass spectrometric method for the 
determination of fluoxetine and norfluoxetine in human plas-
ma: application to clinical study. Farmaco 2005; 60(4): 345−9.  

25. Kratzsch C, Tenberken O, Peters FT, Weber AA, Kraemer T, Maurer 
HH. Screening, library-assisted identification and validated 
quantification of 23 benzodiazepines, flumazenil, zaleplone, 
zolpidem and zopiclone in plasma by liquid chromatogra-
phy/mass spectrometry with atmospheric pressure chemical 
ionization. J Mass Spectrom 2004; 39(8): 856−72.  

26. Song D, Khaykis V, Kohlhof K. Determination of flumazenil in 
plasma by gas chromatography-negative ion chemical ioniza-
tion mass spectrometry. J Chromatogr B Biomed Appl 1995; 
663(2): 263−73.  

27. Fisher LE, Perch S, Bonfiglio MF, Geers SM. Simultaneous deter-
mination of midazolam and flumazenil concentrations in hu-
man plasma by gas chromatography. J Chromatogr B, Biomed 
Appl 1995; 665(1): 217−21.  

28. Najjar TA, Al-Hassan MI, Khan RM. Theophylline inhibits the 
elimination of flumazenil in rabbits. Int J Pharm 1993; 
98(1−3): 51−5.  

29. Klotz U, Kanto J. Pharmacokinetics and Clinical Use of Flu-
mazenil (Ro 15-1788). Clin Pharmacokin 1988; 14(1): 1−12.  

30. Kleingeist B, Bocker R, Geisslinger G, Brugge R. Isolation and 
pharmacological characterization of microsomal human liver 
flumazenil carboxylesterase. J Pharm Pharmaceut Sci 1998; 
1(1): 38−46. 

31. Dahaba AA, Bornemann H, Rehak PH, Wang G, Wu XM, Metzler 
H. Effect of flumazenil on bispectral index monitoring in un-
premedicated patients. Anesthesiology 2009; 110(5): 1036−40.  

32. Kim YJ, Lee H, Kim CH, Lee GY, Baik HJ, Han JI. Effect of 
flumazenil on recovery from anesthesia and the bispectral in-
dex after sevoflurane/fentanyl general anesthesia in unpre-
medicated patients. Korean J Anesthesiol 2012; 62(1): 19−23. 

33. Turan A, Memiş D, Karamanlýodthlu B, Pamukçu Z, Süt N. Effect 
of aminophylline on bispectral index. Acta Anaesthesiol Scand 
2004; 48(4): 408−11.  

34. Kim DW, Joo JD, In JH, Jeon YS, Jung HS, Jeon KB, Choi JW. 
Comparison of the recovery and respiratory effects of amino-
phylline and doxapram following total intravenous anesthesia 
with propofol and remifentanil. J Clin Anesth 2013;25(3):173−6.  

 
 

Received on December 22, 2014. 
Revised on January 25, 2015. 

Accepted on February 27, 2015. 
Online First April, 2015. 

 
 
 

 

 

 


