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Abstract

We have developed and validated a new, rapid and reproducible HPLC method for the determination of cefepime and ceftazidime in plasm:
and dialysate-ultrafiltrate samples obtained from intensive care unit (ICU) patients undergoing continuous veno-venous hemodiafiltration
(CVVHDF). The method for plasma samples involved protein precipitation with acetonitrile, followed by washing with dichloromethane
to remove apolar lipophilic compounds. Dialysate-ultrafiltrate samples did not require any preparation. Separation was performed on &
pBondapak C18 (30cm 3.9 mmx 10wm) with UV detection. The mobile phase contained acetate buffer: ACN and was delivered at
2 ml/min. The coefficients of determination of the calibration curves were alw&898 and R.S.D.% of the response factors <10%. The
intra and inter-assay precision and accuracy of the quality controls (QC) and limit of quantification (LOQ) were satisfactory in all cases. Plasma
and dialysate-ultrafiltrate samples were stable 2@ and—80°C for 2 months and also after three freeze/thaw cycles. Dialysate-ultrafiltrate
samples were stable in the chromatographic rack for 24 h at room temperature, but we recommend storing processed plasma damples at 4
until the analysis. The described method has proved to be useful to give accurate measurements of ceftazidime and cefepime in sampl
obtained from patients undergoing CVVHDF.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Ceftazidime and cefepime are excreted primarily by the
kidney functions. Thus, ceftazidime is eliminated almost
Ceftazidime and cefepime are third and fourth gener- exclusively by glomerular filtration, with about 90% of the
ation cephalosporins, respectively, with a broad spectrum dose being excreted in the urine within 24 h of administration
of antimicrobial activity against gram-positive and gram- [3,6,9]. Cefepime clearance also occurs by glomerular filtra-
negative microorganims includirfyeudomonas aeruginosa tion, with negligible tubular secretion, and more than 80% of
[1-4]. Their high degree of activity and their tolerability pro- the administered dose is recovered as unchanged cefepime in
file make them a useful option for the treatment of infections urine[10-12] Consequently, in patients with impaired renal
in critically ill patients in intensive carpl-8]. function their clearance becomes smaller and the elimina-
tion half-life increases significantly in correlation with the
severity of the renal failure.
* Corresponding author. Tel.: +34 945 013091, fax: +34 945 013040. . A,S low molecular Welght m0|eCUk,as_ with low prOtel_n
E-mail addresses: knprogaa@vc.ehu.es, knppemuj@vc.ehu.es binding (<20%), cefepime and ceftazidime are susceptible
(J.L. Pedraz). to be eliminated by continuous veno-venous hemodiafiltra-
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tion (CVVHDF), so pharmacokinetic analysis is necessary in was used to pilot the HPLC instrument and to process the
order to establish rational dosage regimens for the treatmentdata. The assay was performed ornuBondapak™ C18
of critically ill patients undergoing these techniques. Nowa- (30cmx 3.9 mmx 10pum) HPLC column (Waters).
days, there is relatively little clinical data on the removal The mobile phase consisted in acetate buffer:ACN (90:10
of specific drugs by continuous renal replacement therapiesfor ceftazidime and 95:5 for cefepime, v/v). The buffered
(CRRT). acetate solution was prepared by dissolving 1.54 g of ammo-
Before carrying out a pharmacokinetic study, it is neces- nium acetate in 1000 ml of ultrapure water and the pH was
sary to develop a properly validated analytical methodology. adjusted to 4 with glacial acetic acid. The mobile phase was
The analysis of biological samples for drug testing is usu- degassed in an ultrasonic bath Ultrasons (Selecta, Barcelona,
ally not performed immediately after sample collection and, Spain) and was delivered at 2 ml/min. The injection volume
therefore, it is very important to use optimal conditions for was 50ul. The wavelength selected to detect ceftazidime was
which the drug has been demonstrated to be stable during257 nm and cefepime samples were detected at 280 nm. The
storage timd13,14] Stability may be defined as the ability chromatography was performed at room temperature (RT).
of amaterial to maintain a stated property (e.g. concentration)
within the specified limits for a specified period of time when 2.3. Standard solution and quality controls (QC)
stored under specified conditions. The objective of stability
testing is to identify and evaluate any significant degrada- 2.3.1. Calibration and control standards in plasma
tion of the analytes when subjected to storage over time at A ceftazidime standard solution was prepared every day
different conditions. by dissolving ceftazidime in water to obtain a 1q0gYml
In order to obtain this information and gather data about sample. The purity of the standard was taken into account
ceftazidime and cefepime dosing in critically ill patients for solution preparation. Plasma calibration standards were
receiving CRRT, the first step is the development of the prepared at concentrations of 3,5, 10, 20, 50, 100 p2Jtl,
technique for the determination of ceftazidime and cefepime along with plasma QC at 7, 40 and 15§/ml were prepared.
in plasma and dialysate-ultrafiltrate. Thus, the aim of this  Cefepime 2HCH,O was dissolved in water in order to
study was to develop a rapid and reproducible HPLC obtain standard solutions with 100@/ml concentration.
method for the determination of cefepime and ceftazidime Plasma calibration standards were prepared at concentrations
in plasma and dialysate-ultrafiltrate samples obtained from of 1, 5, 10, 50, 75, 100, 2q0g/ml, along with plasma QC at
intensive care unit (ICU) patients undergoing CVVHDF. 3, 25 and 15@.g/ml were prepared.
The method was adequately validated following present
guidelines[15,16] and a complete stability study was also 2.3.2. Calibration and control standard in
included. dialysate-ultrafiltrate
Standard solutions for both ceftazidime and cefepime
were prepared every day in saline solution to obtain

2. Materials and methods 1000p.g/ml concentration, taking into account the purity of
the standards. Calibration standards were prepared at concen-
2.1. Chemicals trations of 3, 5, 10, 20, 50, 100, 2p@/ml for ceftazidime

and at concentrations of 1, 5, 10, 25, 50, 75 {&@0ml for

Ceftazidime 85% (EPC0690500) was supplied by LGC cefepime, along with QC at 7, 40 and 156/ml for cef-
Promochem (Barcelona, Spain), and cefepime 2HD tazidime and 3, 40 and 80y/ml for cefepime were prepared.
(BMY-28142) was kindly supplied by Bristol-Myers Squibb
(Madrid, Spain). Ammonium acetate, glacial acetic acid 2.4. Plasma and dialysate-ultrafiltrate collection
and dichloromethane (DMC) were purchased from Panreac
Quimica (Barcelona, Spain), and acetonitrile (ACN) from Blood and dialysate-ultrafiltrate samples were obtained
Merck (Darmstadt, Germany). Ultrapure water was obtained from patients undergoing CVVHDF and treated in the
from a Milli-Q® Plus apparatus (Millipore). Saline solu- ICU with ceftazidime or cefepime. The study protocol was
tion (NaCl 0.9%) was provided by Biomendi S.A. (Bernedo, approved by the Medical Ethical Committee of the Santi-
Alava, Spain) and plasma was obtained from Centro Vascoago Apbstol Hospital (Vitoria-Gasteiz, Spain). All patients

de Transfusiones (Galdakao, Spain). or guardians provided written informed consent. Complete
medical histories were obtained for all patients, and complete
2.2. Chromatographic system and procedure physical examinations and laboratory review of serum chem-
istry and hematology profiles were performed and reviewed

The chromatographic system consisted of a Watb61 6 before collection of samples for pharmacokinetic analysis.

(Waters, Milford, Massachusetts, USA) pump connected to  Vascular access was obtained with 13.5FG dual lumen
a WatersM 600S controller, a Watet¥ in-line degasser, catheters (Niagara, Bard Canada, Inc., Mississauga, Ont.,
a thermostatted autosampler and a Watér896 Photo- Canada). A hemodialfiltration machine (PRISMA, Hospal,
diode array detector. The Empov¥r software (Waters)  Lyon, France) was used with an AN69 HF 0.8 poly-
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acrylonitrile filter (PRISMA M100 Hospal). Both prefilter  els that the QC used in accuracy and precision study were
and posfilter blood samples (5 ml) were collected from the prepared in plasma and in saline solution, aliquoted (1 ml)
hemodiafiltration device at 0, 0.33, 0.5, 0.75, 1, 3, 6 and and stored at-20 and—80°C until the day of the assay,

8 h after the administration of each antibiotic. Blood spec- when three QC of each concentration were analysed. Mea-
imens were obtained using lithium heparin as anticoagulant surements were carried out at 1 week, 2 weeks, 1 month and
and were centrifuged within 1 h for 10 min at 100@. 2 months.

The plasma was immediately frozen-aR0°C at the hos- Analytes stability was also determined after three freeze
pital. Dialysate-ultrafiltrate samples (4 ml) were collected and thaw cycles. Three samples of low, medium and high QC
also at the same sampling times from the hemodiafiltration underwent three freeze and thaw cycles and were analyzed on
device and frozen within 1 h at20°C. Within the following the third cycle. Samples were thawed at room temperature.
week plasma and dialysate-ultrafiltrate samples were stored Stability of processed samples in the autosampler was also

at—80°C. Samples were analysed within 1 month. determined, injecting three QC of each concentration at 4, 8,
12, 16, 20 and 24 h after having been prepared. The assay
2.5. Sample preparation was carried out at room temperature (RT) anddt4

Samples were considered stable when R.S.D.% and the

A 500pl of plasma samples were mixed for 30s with deviation (%) of the QC did not exceed the 15%.
500l of ACN and centrifuged for 5 min at 3000g. Five
milliliters dichloromethane were added to 8@Dof the 2.8. Clinical applications of the HPLC method
upper layer phase, shaken for 5 min, centrifuged for 5 min at
3000 rpm, and the upper aqueous phase was introduced into This study was developed with the aim to determine the
150pl microvials (Waters). Dialysate-ultrafiltrate samples pharmacokinetics of ceftazidime and cefepime in critically
did not require any treatment; they were introduced directly ill patients undergoing CVVHDF by analysing plasma and
into the microvials. A volume of 50l was used for HPLC dialysate-ultrafiltrate samples with an appropriate analytical

analysis. technique. Thus, the HPLC method described in this arti-
cle was used to determine ceftazidime and cefepime levels
2.6. Method validation in blood from prefilter and posfilter lines, and dialysate-

ultrafiltrate samples taken from critically ill patients. In every
Calibration curves were obtained by weighted least- analytical run, a blank sample, the calibration curve sam-
squares linear regression analysis. The weighted factor wagles, six QC samples and the samples from the patients were
1/concentration. Linearity was determined in three correla- included.

tive days, and coefficients of determinatiof)(and relative After measuring ceftazidime or cefepime concentration
standard deviation (R.S.D.%) of the response factors of eachin plasma and ultrafiltrate, a pharmacokinetic analysis was
standard were calculated each day. carried out and individual pharmacokinetic parameters were

Selectivity was determined using blank samples: plasma determined according to a non-compartmental analysis by
from six different donors and six different saline solution using the WinNonlin version 1.1 (Pharsight Corporation,
batches without the addition of any antibiotic. Mountain View, CA, USA).

Precision and accuracy of the method were determined
using QC samples. During 3 days six QC were analysed

at the three concentration levels (7, 40 and gg0iml for 3. Results
ceftazidime in plasma and dialysate-ultrafiltrate, 3, 25 and
150.g/ml for cefepime in plasma and 3, 40 andi8fml for The proposed method was evaluated with respect to selec-

cefepime in dialysate-ultrafiltrate). Intra- and inter-assay pre- tivity, linearity, precision, accuracy and LOQ. Stability was
cision was calculated as the R.S.D.% within a single run and also determined both in stored samples and in the chromato-
between three assays respectively, and intra- and inter-assagraphic rack.
accuracy as the percentage of deviation between nominal
and calculated concentrations with the established calibra-3.1. Chromatograms and selectivity
tion curves.

Intra- and inter-assay precision and accuracy of the limits ~ Fig. 1(A) shows the ceftazidime’s chromatographic pro-
of quantification (LOQ), which were considered the lowest files of the blank sample, the LOQ (&)/ml) and a
levels included in the calibration curves, were calculated as saline solution sample corresponding to a concentration of

well. 100pg/ml. Fig. 1(B) shows the profiles of plasma samples
(blank, LOQ and a 10fig/ml sample). The retention time

2.7. Stability for ceftazidime was 5.25min. No interfering peaks were
observed.

The stability of both antimicrobials in storage conditions Fig. 1(C) and (D) shows cefepime’s chromatograms cor-
was evaluated. QC samples at the same concentration leviesponding to saline solution and plasma blanks, LOQ
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(1 pg/ml) and 10Qug/ml samples. The retention time was 3.2. Calibration curves: linearity
6.85 min. No interfering peak was observed either.

Fig. 1(E) shows the chromatogram corresponding to a  The standard curves for ceftazidime and cefepime in
blank dialysate-ultrafiltrate obtained from one patient under- plasma and saline solution were adequately described by
going CVVHDF who had not received ceftazidime. In the 1/concentration weighed linear regression analysis over the
same way, a blank dialysate-ultrafiltrate from a patient under- studied range§.able 1shows the parameters of the three cal-
going CVVHDF who had notreceived cefepimeis also shown ibration curves used for the linearity study. The coefficients
in Fig. 1(F). No interfering peaks were observed at the reten- of determination were always0.998 and % deviation of

tion times of ceftazidime or cefepime. each standard was <10%. The residuals (difference between
Ceftazidime in saline solution Ceftazidime in plasma
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Fig. 1. Chromatographic profiles of ceftazidime and cefepime in saline solution (A and C) and in plasma (B and D). Chromatographic profiles ef dilaysate
ultrafiltrate samples from patients to whom ceftazidime (E) or cefepime (F) were not administered.
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Fig. 1. (Continued).

observation and prediction) were normally distributed and LOQ intra- and inter-assay precision was 4.95% and 5.63%

centred around zero. for plasma and 4.94% and 5.47% for saline solution. The
accuracy was in agreement with the FDA acceptance criteria

3.3. Validation of the HPLC method: precision, ESlSOﬁ) [16] f_or :JOth matrlx?s’ Olbtammﬁ dev(l)atlon ;Ila.lues

accuracy and LOQ rom the nominal concentrations lower than 8% at all times.

Table 3features the precision and accuracy of the QC

Table 2describes the precision and accuracy ofthe QC and @"d LOQ for cefepime in plasma and saline solution. The
LOQ for ceftazidime in plasma and saline solution. The intra- plasma intra-assay € 6) precision was <6% and inter-assay
assay f = 6) precision was always <5% for both plasma and
saline solution. The values obtained for inter-assey 18) Table 2
precision were <7% in plasma and <5% in saline solution. precision and accuracy of the HPLC assay for ceftazidime in plasma and

saline solution (precision and accuracy of the LOQ)

Nominal Calculated Precision Accuracy
Table 1 concentration concentration R.S.D.% deviation (%)
Mean parameters of the calibration curves for ceftazidime and cefepime in (ng/ml) (ng/mi)
plasma and saline solution Ceftazidime plasma
y=bx+a rn ro r3 Intra-assay(= 6)
Ceftazidime plasma 3 (LOQ7) ggi 82 ggi ;471;
a —39615.79 —36474.77 —30702.99 ' ’ ’ '
40 39.6+ 1.0 2.42 1.12
b 62305.82 66115.65 57052.65 150 150 54 4.2 281 032
2 0.9994 0.9997 0.9987 ' ’ ’ '
Response factor R.S.D.%  8.59 7.45 8.73 Inter-assay#{ = 18)
Ceftazidime saline 3 (LOQ; géi 82 gii ggs
a 31863.61 22521.16 26897.54 ) ’ ’ '
40 37.1+ 1.9 5.07 7.15
b 94549.17 93919.77 90322.68 150 1391+ 8.8 6.31 724
2 0.99995 0.99970 0.99987 ' ’ ’ '
Response factor R.S.D.%  4.09 2.83 3.92 - .
Ceftazidime saline
Cefepime plasma Intra-assayr{=6)
a 4852.19 3146.67 3468.56 3(LOQ) 3.0+ 0.2 4.94 0.96
b 22703.91 34695.57 29874.85 7 6.6+ 0.3 4.78 5.45
2 0.99852 0.99998 0.99825 40 38.6+ 1.3 3.38 3.48
Response factor R.S.D.%  5.83 3.11 4.97 150 145.9+ 0.6 0.42 2.74
Cefepime saline Inter-assayf=18)
a 486.52 666.55 673.95 3(LOQ) 3.0+ 0.2 5.47 0.84
b 25066.90 31861.04 35630.77 7 6.8+ 0.3 3.62 3.57
2 0.9949 0.9919 0.9998 40 40.0+ 1.3 3.34 0.09

Response factor R.S.D.%  0.59 0.76 1.68 150 149.1+ 6.7 4.46 0.61
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Table 3 _ 160, -7 pg/mL -=-40 pg/mL  -& 150 pg/mL
Precision and accuracy of the HPLC assay for cefepime in plasma and saline T 140,
solution (precision and accuracy of the LOQ) ) .
2 120,
Nominal Calculated Precision Accuracy = 100l
concentration concentration R.S.D.% deviation (%) g
(ng/mi) (ng/mi) ® 60'
Cefepime plasma T O
Intra-assay{ = 6) § 401 M
1(LOQ) 11+ 0.1 4.92 8.05 S 20
3 28+ 0.1 4.77 7.49 0 e — - - = = == — .
25 25.6+ 1.2 4.48 2.49 0 4 8 12 16 20 24 28
150 150.9+ 8.4 5.53 0.58 Time (h)
| - =1
1 (Ctoeé;lssayr( K 1.0+ 0.1 11.41 1.83 160,  7hg/ml e d0pgiml A 150 pglml
3 2.9+0.2 7.78 1.97 £ 140
25 25.0+ 1.4 5.45 0.04 ? 1204
150 147.4+ 8.3 5.65 1.76 = 1004
.Q BO_
Cefepime saline ®
Intra-assay{ = 6) E 601
1(LOQ) 1.0+ 0.0 3.35 2.88 o 404 o— —— —& -
3 3.0£ 0.2 5.11 1.47 8 20 4
40 40.2+ 0.5 1.31 0.43 0 e - + + * * X
80 76.5+ 0.7 0.86 4.42 0 4 8 12 16 20 24 28
Inter-assayr{=18) Time (h)
1(LO 1.1+ 0.1 5.27 4.54
( Q?? 29+ 0.2 5.28 259 Fig. 2. Ceftazidime degradation in plasma (above) and in saline solution
0 39.8i 1'2 3'00 0'53 (below) at room temperature.
80 771+ 1.2 1.59 3.62

therefore, only features data for 4 h. Due to the low stability
at room temperature, other analyses were developetiGt 4
Post-preparative plasma samples of ceftazidime were stable
(n=18), <8%. In saline solution intra- and inter-assay preci- at 4°C for 24 h, but cefepime plasma samples were stable
sion were <6%. The intra- and inter-assay precision for LOQ for only 8 h. Data corresponding to these assays appear in
was 4.92% and 11.41% in plasma and 3.35% and 5.27% inTable 4
saline solution. The accuracy was in concordance with FDA

guidelines £15%)[16] in all cases for cefepime, with exper- e 3pgiml —e— 25 pgml  —a— 150 ug/ml
imental values never departing more than 9% from nominal 3 160
concentration. Ey ::g :
N E 100 |
3.4. Samples stability =80
£ 60
Although samples stability in storage conditions was ana- § 40+
lyzed at 1 week, 2 weeks, 1 month and 2 monifable 4only S 23‘ T
shows the stability data corresponding to 2 months, because 0 4 8 12 16 20 24 28
all the results were satisfactory and those were the latest ones Time (h)

The accuracy deviation values were always <15%, as FDA

[16] recommends for the QC. - ——3pg/ml —e—40 pg/ml. ——80 pg/ml.
- £ 904
Table 4also shows results of the freeze/thaw stability £ g]
study. No sample deviated more than 10% from the nomi- f’;’ 704
nal concentration. 3 gg:
Post-preparative stability assays were carried out for & 4o —
both moleculesFigs. 2 and 3escribe the ceftazidime and & Zg:
cefepime stability in processed plasma and in saline solution § 1o,
samples during 24 h in the chromatographic rack at room § © ‘ - ‘ - , - ‘
0 4 8 12 16 20 24 28

temperature. Samples were stable in saline solution at least ©
24 h. Processed plasma samples of ceftazidime and cefepime
were not stable, with deviations higher than 15% after 4 h at rig. 3. cefepime degradation in plasma (above) and in saline solution
room temperature, as can be seeffkigs. 2 and 3Table 4 (below) at room temperature.

Time (h)
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Table 4
Stability of ceftazidime and cefepime in plasma and saline solution samples under different conditions
Nominal Low QC (2=3) Medium QC £=3) High QC =3)
concentrationg/ml)
Mean+ S.D. R.S.D.% E% Meant S.D. R.S.D.% E% Meant S.D. R.S.D.% E%
Ceftazidime plasma
—20°C? 6.2+0.3 5.14 11.40 35.20.6 1.81 12.36 132.6 1.7 1.27 11.63
—80°CP 6.1+£0.1 1.60 13.44 36.41.9 5.15 8.96 146. 4 7.1 2.23 2.23
Freeze/thaWw 6.5+0.2 2.94 7.40 37.21.6 4.38 7.06 138.4- 2.0 1.41 7.72
RTC (4 h) 6.3+£0.2 2.52 10.56 40.20.3 0.81 0.52 140.9- 13.0 9.22 6.05
4°CE (24 h) 6.4+ 0.1 1.81 7.93 39.£0.2 0.48 2.34 132.@- 0.8 0.60 11.98
Ceftazidime saline
—20°C? 6.8+0.1 1.54 3.58 43.30.5 1.18 8.32 158.1%+ 6.4 4.02 5.39
—80°CP 6.8+0.1 141 2.43 41.60.1 0.29 4.07 162.4 6.5 3.99 8.28
Freeze/thaWw 6.9+0.3 4.64 1.37 39.20.6 1.49 2.10 149.2 2.0 1.31 0.52
RTC (24 h) 6.3+0.0 0.20 10.74 37.20.7 1.93 5.20 143.2 0.5 0.32 4.46
4°CE (24 h) 6.4+ 0.0 0.36 9.35 38.860.1 0.19 2.90 145.2 0.2 0.11 3.17
Cefepime plasma
—20°C? 3.1+0.1 4.36 4.67 22.91.2 5.05 8.29 149.a- 2.8 1.85 1.19
—80°CP 3.0+0.1 2.33 1.82 24.30.5 2.18 2.94 143.6 3.0 2.10 4.65
Freeze/thalv 2.9+0.0 0.68 2.44 22.920.6 2.52 8.50 135.5- 3.8 2.76 9.66
RTH (4 h) 3.3+£0.2 4.52 9.61 26.20.4 1.59 4.76 139.4- 1.0 0.72 7.08
4°C#(8h) 3.3+£0.1 1.39 10.05 22.80.3 1.28 11.88 137.4 1.0 0.69 8.41
Cefepime saline
—20°C? 2.7+0.2 7.85 10.60 40.81.8 4.38 1.92 75.% 8.0 10.63 6.10
—80°CP 2.7+0.1 5.02 8.63 38.21.6 4.17 4.60 75.% 0.2 0.31 5.40
Freeze/thalv 2.8+0.0 1.38 5.61 39.51.6 3.95 1.25 73.3 0.6 0.82 8.34
RTY (24 h) 2.9+0.1 2.22 2.43 39.50.5 1.13 1.18 80.@: 0.5 0.65 0.02
4°C® (24 h) 2.9+0.1 2.94 3.91 40.50.1 0.12 1.19 80.3t 0.6 0.74 1.16

QC: quality control, RT: room temperatu®%: accuracy deviation.
a Concentration measured after storing samples2i°C for 2 months.
b Concentration measured after storing samples&ii°C for 2 months.
¢ Concentration measured after three freeze/thaw cycles.
d Concentration measured after keeping processed samples in the chromatographic system at room temperature during 24 h.
€ Concentration measured after keeping processed samples in the chromatographic sys@duang 24 h.

3.5. Clinical applications patients undergoing CRRT who received 1000 mg every 6 h
by intravenous perfusion of 20 min duration ahi). 4(B)

The described HPLC method was used to analyse plasmashows mean concentration—time curves from two critically
and dialysate-ultrafiltrate samples from critically ill patients ill non-anuric patients who received 2000 mg every 6 h. The
undergoing CVVHDF. The basis of accepting or rejecting pharmacokinetic parameters of ceftazidime were studied and
the run was provided by the QC samples. At least four out of are shown infable 5
six of the QC samples were within the 15% of their respec- Mean concentrations of cefepime in plasma and in
tive nominal values. The detailed pharmacokinetic assess-dialysate-ultrafiltrate from four patients to whom 2000 mg
ment will be reported elsewhef&7,18] Fig. 4A) shows tid (every 8 h) were administered are also showfigq 4(C).
the mean ceftazidime concentrations in plasma prefilter, pos-Table 5 shows the mean pharmacokinetic parameters of
filter and dialysate-ultrafiltrate from two critically ill anuric  cefepime in those patients.

Table 5
Mean+ S.D. values of main pharmacokinetic parameters of ceftazidimal] and cefepimen(=4) in critically ill patients undergoing CRRT after receiving
1000 or 2000 mg every 6 h of ceftazidime or 2000 mg every 8 h of cefepime

Dose (Mg)  Cmax(ng/ml) — Cmin (ng/ml) ~ Clhr (ml/min) — Xcrer (%)  Sc fu ne ) V)
Ceftazidime 1000 85.6- 38.6  48.5:24.8 538+ 259 521+ 125 0.93:0.06 0.86:0.08 7.2:34 65.9£34.1
2000 53.8+ 0.1  16.2£125 2441+ 1269 7.3+ 3.1
Cefepime 2000 100.3- 40.9  20.1:8.6 1115+ 431 2744176 0.76£0.21 0.7%:0.09 4.6:0.9 46.0:217

Cly: total body clearanc&crgr: total amount of drug eliminated by CRRT as the percentage of administered dose; Sc: sieving coefficient; fu: fraction of drug
not bound to proteingj/: elimination half-life;V: volume of distribution.
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1000mggeh refiter As Robatell et e}l[lg] explained, there was some concern
o Dislysaio-ultafirate that the calibration samplgs prepared with plasma collected
s Plasma posfilter from healthy volunteers might not fully reflect the complex-
ity of the plasma matrix from CVVHDF patients. But getting
blood from such patients for calibration samples prepara-
tion would not be ethically acceptable. Moreover, plasma
samples obtained from our patients presented a large inter-
: : : : individual variability in the appearance (colour, turbidity).
3 4 5 6 7 Consequently, plasma from healthy volunteers as a suitable
Time (h) source for the preparation of calibration samples was used as
an adequate solution due to the difficulty to select a suitable
matrix representative for all plasma samples. In the case of
calibration curves prepared to measure dialysate-ultrafiltrate
samples saline solution was used. In order to determine
meropenem, other authdiE9], used a pool blank dialysate
obtained from one patient who was allergic pelactam
antibiotics and, therefore, had neither received meropenem
nor structurally related drugs. We decided not to proceed
that way taking into account some issues: (i) it was checked
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. that interfering peaks did not appeared in neither saline solu-
(B) Time (h) . o i . X
tion samples nor in dialysate-ultrafiltrate samples obtained
from patients. Considering the difficulties to obtain dialysate-
2000 mg q8h e Piasma prefiter uItr.afiItrate gamples from othc_er pa.tients, itwas decided to use
o Dialysate-ultafitrate saline solution to prepare calibration curves for sample anal-
12 —x— Plasma posfilter ysis. (ii) The composition of dialysate-ultrafiltrate will be

-
o

very different in critically ill patients considering the large
inter-variability in their clinical situation and their pharmaco-
logical treatment, so in this case it would also be very difficult
to obtain a suitable matrix representative for all samples.
During our study about 200 clinical samples from

o]
o

N A
o O

Concentration (pg/mL)
[=2]
o

o

o 1 2 3 4 s & 7 8 o CVVHDF patients were analysed and no interfering peaks
(©) Time (h) were detected at the retention time of ceftazidime or
cefepime.

Fig. 4. (A) Ceftazidime plasma prefilter, plasma posfilter and dialysate- Although other HPLC methods have been published
uItrafiItrate mean concentratio_ns in two critically‘ ill anuric pati_er]ts who in the literature for ceftazidime[20—23] and cefepime
received 1900 mg every_§h by_lntravenou_s pen_‘u5|on; (B) ceft_a12|d|me mean [24_27] determination in different fluids only a few of the
concentrations in two critically ill non-anuric patients who received 2000 mg ’ . ! =
every 6h by intravenous perfusion; (C) cefepime prefilter, posfilter and WOrks mentioned above provide data about drugs’ stability
dialysate-ultrafiltrate mean concentrations in four critically ill patients who [22,25,26,28] Our work includes a complete stability study
received 2000 mg every 8 h by intravenous perfusion. because stability assessment is considered a fundamental
parameter for the validation of bioanalytical meth{i& 29],
and is critical for proper interpretation of analytical results
4. Discussion and conclusions [13].
Stability of ceftazidime and cefepime was evaluated at
This paper describes rapid and reproducible methods —20 and—80°C (Table 4 because patients’ samples were
which enable the determination of ceftazidime and cefepime stored in the hospitals at20°C and within a week they were
in plasma and in saline solution. These methods are applica-moved to an-80°C freezer. We found that ceftazidime and
ble in pharmacokinetic studies in patients undergoing CRRT, cefepime were stable in plasma and in saline solution for at
but involve different solvent systems and detection wave- least two months in storage conditions20 and—80°C).
lengths for ceftazidime and cefepime, thus separate analyticalHumbert et al[22] had previously found ceftazidime stable
run are necessary for the analyse of each molecule. Howeverduring at least 84 days at196°C, but this temperature con-
both antibiotics will not be probably found simultaneously dition is not usual in analytical laboratories. Elkfizet al.
in patients’ samples, since it is not common to establish an [26] also described the stability of cefepime-a880°C for up
antimicrobial treatment with both ceftazidime and cefepime. tothree months, butthey did not evaluated stability20°C.
About selectivity, the absence of interfering peak has been Barbhaya et a[30] found cefepime stable in human plasma
demonstrated in plasma samples, in saline solution samplesat —20°C for up to 51 days. Cherti et k5] described that
and in dialysate-ultrafiltrate samples obtained from patients. cefepime was stable at30°C for at least 60 days in dialysis
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fluid and described a degradation averaging 15-22% after 60was 0.76+0.09. Sieving coefficient of ceftazidime and
days in plasma. In our study, samples collected from patientscefepime correlated well with the free fraction of the drug, not
were stored no more than a month until their analysis, thus bound to proteins. Although the stability of both molecules
molecules degradation might not be expected to be foundwas well established, three controls were analysed after
before they were analysed. each patient’s analyses. All controls were in the acceptance
In case any sample had to be re-analysed, it had to berange.
thawed more than once. Thus, antibiotic stability was evalu-  In conclusion, the described method, which follows the
ated after three freeze/thaw cycles at three concentrations irmain methodology described in FDA guidelines for bioan-
triplicate (Table 4. Both ceftazidime and cefepime tolerate alytical method validatiorj16], is useful to provide accu-
at least three freeze-thaw cycles in plasma and saline solutiorrate measurements of ceftazidime and cefepime in plasma
without losses of greater than 10%. Cherti ef28] described and dialysate-ultrafiltrate samples obtained from critically ill
similar values for cefepime, but no other data is available in patients undergoing CVVHDF. Moreover, very useful infor-
literature about ceftazidime. In no case did patient’s samplesmation about stability has also been provided.
undergo more than two thaw processes.
The stability of the processed samples in the autosampler
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