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a b s t r a c t

A sensitive and rapid HPLC assay for determining cefuroxime penetration in the subcutaneous tissue
near to surgical incision of patients submitted to coronary artery bypass grafting (CABG) with or without
cardiopulmonary bypass (CPB) was performed. Blood and subcutaneous tissue samples were collected
from 14 patients, in four periods during surgery. The analytical method presented linearity from 0.5 to
eywords:
efuroxime
ubcutaneous tissue
PLC
issue plasma ratio
ABG

100 �g/g, LOQ = 0.50 �g/g, LOD = 0.25 �g/g, intra- and interday precision (%CV) ranged from 4.9 to 8.9%
and 6.4 to 9.9%, respectively, and intra- and interday accuracy expressed as % of the nominal concentration
ranged from 87.1 to 104.6% and 94.8 to 103.8%, respectively (mean of three concentrations). Relative
recovery was 98.4%. Tissue/plasma ratios obtained for CPB and non-CPB were, respectively: 14.6% vs
19.0% (0.6 h); 15.7% vs 15.7% (2.1 h); 22.5% vs 19.9% (3.6 h); 15.7% vs 18.8% (4.5 h). Data obtained indicate
that tissue/plasma ratio remains unchanged in CPB and non-CPB patients during all period of surgery and

e pen
PB the CPB does not affect th

. Introduction

Postoperative infection has been demonstrated to be one of
he factors responsible for the morbidity and mortality of patients
ndergoing cardiac surgery [1–3]. It is estimated that 5–10% of
atients submitted to cardiac surgery develop nosocomial infec-
ion, especially in the region of the surgical wound [4–6].

Complex and invasive procedures are performed during cardiac
urgery that exposes the patient to opportunistic and potentially
nfectious bacteria. In addition, cardiopulmonary bypass (CPB) is
ommonly installed during surgery, a fact that represents an addi-
ional risk factor for the patient by promoting marked physiological
lterations that reflect on the kinetic disposition of drugs, including
ater-soluble antibiotics such as cefuroxime recommended for the

rophylaxis of postoperative infections following cardiac surgery
7–9].

Cefuroxime, like other beta-lactam antibiotics, exhibits
oncentration-independent killing and the minimal inhibitory
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etration of cefuroxime in tissues close to the surgical wound.
© 2009 Elsevier B.V. All rights reserved.

concentration (MIC) for cefuroxime ranges from 1 to 4 �g/mL,
but the maximal killing effect is exhibited at concentrations
approximately four times the MIC (4–16 �g/mL) [4].

To prevent infections after cardiac surgery, it is important to
ensure the presence of adequate plasma concentrations of the
antibiotic, thus permitting access of the drug to the site of highest
bacterial exposure [10].

In this respect, the development of a HPLC method for the
quantification of cefuroxime in plasma and tissues in the region
surrounding the surgical wound may be a fundamental tool to opti-
mize antibiotic prophylaxis, since so far no correlation has been
established between the cefuroxime dose administered and the
amount of drug fixed in proximal subcutaneous tissue. In addition,
we evaluated the influence of CPB on the distribution of this antibi-
otic in subcutaneous tissue of patients submitted to this procedure.

2. Experimental

2.1. Patients
Fourteen adult (38–69 years) patients of both sexes with coro-
nary disease, hepatic, renal and endocrine function within normal
limits, who had a surgical indication for coronary artery bypass
grafting, were studied. Eight of these patients were submitted to
cardiac surgery with CPB (CPB group) and six without CPB (non-

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:jorgewillian@uninove.br
mailto:willian@usp.br
mailto:pharther@usp.br
dx.doi.org/10.1016/j.jchromb.2009.10.005
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y = b + ax, where x is the peak-height ratio, a the slope and b is
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PB group). The patients signed a free informed consent form before
he clinical trial. The protocol was approved by the Research Ethics
ommittees of the Institutions involved in the study.

Cefuroxime was evaluated in subcutaneous tissue using an
pen, prospective and rigorously controlled study protocol. The
ospital Infection Control Committee (HICC, Heart Institute/HC-
MUSP, Sao Paulo) recommends the intravascular administration of
hree doses of cefuroxime (1.5 g IV, bolus) each 12 h, in the transop-
rative period for antibiotic prophylaxis in patients submitted to
yocardium revascularization without CPB (non-CPB group). The

rst dose was given at the anesthetic induction, while the second
nd the third doses were administered in the postoperative period;
onsequently 4.5 g were administered in a period of 24 h.

For patients undergoing CPB (CPB group), HICC recommends
he administration of four doses of cefuroxime (1.5 g IV, bolus).
he additional dose was given during surgery, immediately after
he end of CPB, intending to prevent looses that could be resulted
rom the hemodilution and to ensure the plasma concentration of
he antibiotic. In these patients, the third and fourth doses were
dministered 12 and 24 h after the additional dose.

.2. Collection of blood and subcutaneous tissue samples

Subcutaneous tissue concentrations of cefuroxime were deter-
ined after collection of fragments (about 0.5 g/each) from the site

f surgical incision in the chest area during surgery. These frag-
ents were collected at determined periods according to the step

f surgical procedure performed for both groups of patients and
etailed as follows:

CPB group:

1st fragment (0.6 h): beginning of surgery, incision of the chest;
2nd fragment (2.1 h): beginning of CPB;
3rd fragment (3.6 h): 1 h after the beginning of CPB;
4th fragment (4.5 h): immediately before the suture.

In the non-CPB group, fragments were collected at times corre-
ponding to those described above for the CPB group.

Non-CPB group:

1st fragment (0.6 h): beginning of surgery, incision of the chest;
2nd and 3rd fragments (2.1 and 3.6 h): during surgery;
4th fragment (4.5 h): immediately before the suture.

The collected tissue samples were immediately placed on sterile
auze for the removal of residual blood and then stored in a freezer
−80 ◦C) until the time of analysis.

Blood samples were collected from the venous central catheter
n four periods during the cardiac surgery; simultaneously with
he collection of subcutaneous tissue to determine plasma cefurox-
me concentrations and to establish a correlation with the tissue
oncentrations obtained. The blood samples were centrifuged at
000 rpm for 20 min for the separation of plasma, which was frozen
nd stored as detailed above.

.3. Laboratory procedures

Validation of bioanalytical method for drug measurements in
lasma was carried out and the analyte (cefuroxime) and its inter-
al standard (vancomycin) were determined by a simple HPLC-UV

echnique according to FDA/ANVISA recommendations, and on the
asis on methods reported previously by the same authors [8].
o determine cefuroxime in the subcutaneous tissue fragments,
he bioanalytical method was adapted and re-validated as detailed
elow.
ogr. B 877 (2009) 3960–3964 3961

Cefuroxime calibration standards were prepared in the labora-
tory as described previously by Casal et al. [20], using subcutaneous
tissue fragments obtained from dogs provided by the Animal House
of Medical School (FMUSP) and not treated with the drug. The
animals were previously anesthetized at the Laboratory of Exper-
imental Anesthesia, Department of Anesthesiology, LIM – FMUSP,
and subcutaneous tissue samples were collected from the chest
region. Animals were used due to operational difficulty and ethi-
cal restrictions for obtaining blanks of human biological materials.
Fragments weighing approximately 0.5 g were collected and stored
in a freezer, following the same procedures as those used for the
collection of tissue samples from patients during surgery.

2.4. Purification of biological materials

The calibration curve was obtained by adding cefuroxime stan-
dards to the subcutaneous tissue.

A fragment of subcutaneous tissue (0.5 g/each) obtained during
the surgery by collection of the tissue piece was weighed (0.1 g)
in an aluminum foil using a Shimadzu AX 120 analytical balance,
then it was transferred to a 1.5-mL Eppendorf tube and the sample
was finely sliced by a surgical knife, smashed for 2 min by adding
100 �L purified water plus 100 �L internal standard (vancomycin:
10 �g/assay). Precipitation of protein was performed by adding
200 �L of acetonitrile to the Eppendorf tube and the mixture was
homogenized in a vortex mixer for 2 min. Tube was centrifuged for
30 min at 4 ◦C at 6000 rpm and 100 �L of the liquid phase was trans-
ferred to an Eppendorf tube for the concentration of purified extract
to dryness in the water bath 37 ◦C under a nitrogen stream. The
residue was dissolved with 200 �L volume of a mixture of acetoni-
trile and water purified and injected into liquid chromatography.

2.5. Chromatographic conditions

A Shimadzu liquid chromatograph was used which consisted of
an LC-10 AVP pump, an SIL 10-AD automatic sample injector and
an SCL 10 A-VP controller equipped with CLASS VP software. The
peaks were monitored with an SPD-10A UV detector operating at
280 nm and the chromatograms obtained were printed with an HP
600 printer.

For quantitative analysis of cefuroxime, a 4-�m C18 Nova-Pak®

column (150 mm × 3.9 mm; Waters Assoc., Milford, USA) and a
binary mobile phase (0.375 M acetate buffer, pH 5.0: acetonitrile,
95:5, v/v) at a flow rate of 0.8 mL/min were used as described by
Nascimento et al. [8] for the quantification of this drug in plasma.

2.6. Calibration curve and calculations procedures

Cefuroxime standard adding solution (0.1 mg/mL) was prepared
from the convenient dilution of stock solution and the calibration
curve was prepared to obtain the following concentrations 0.5, 2,
10, 20, 40, 80, 100 �g cefuroxime/g subcutaneous tissue fragments
obtained previously from anesthetized dogs. Additionally, for the
acceptation of the calibration daily curve, three internal standards
were prepared to obtain 1.5, 50 and 90 �g cefuroxime/g tissue for
low control, medium control and high control, respectively.

A linear regression line was obtained by plotting peak area ratio
against drug concentration and the linear equation and linear cor-
relation coefficient >0.99 for the acceptation of the curve (equation:
the intercept) to quantify cefuroxime in the unknown samples and
also for the acceptation of the daily curve based on three different
internal quality controls (high, medium and low) were used. The
acceptance limit was set at up to 15% of variation of the nominal
value, with an analytical run above this limit being rejected.
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Table 1
Validation of analytical method for quantification of cefuroxime in subcutaneous
tissue.

Parameter Obtained value

Linearity 0.5–100 �g/g
Linear correlation coefficient r = 0.9963
Limit of detection 0.25 �g/g
Limit of quantification 0.5 �g/g

Stability
Thawing cyclesa 94.9–98.4%
After three monthsa 96.2–100%
Dry extracta 84.5–88.2%
On the racka 94.4–96.2%

Precision (CV%)
Within-day

100 �g/g 4.9%
10 �g/g 5.5%
0.5 �g/g 8.9%

Between-day
100 �g/g 8.2%
10 �g/g 6.4%
0.5 �g/g 9.9%

Accuracy (%)
Within-day

100 �g/g 104.6%
10 �g/g 95.8%
0.5 �g/g 87.1%

Between-day
100 �g/g 103.8%
10 �g/g 101.6%
0.5 �g/g 94.8%
962 J.W.L. Nascimento et al. / J. Ch

.7. Assay validation

Analytical method was validated on the basis of the confi-
ence limits recommended by the regulatory agency. Linearity
as obtained by using six concentrations (0.5–100 �g/g of tissue)

n three replicates; precision and accuracy were determined by
unning three different concentrations (low, medium, high) in trip-
icates analyzed at the same day and for three consecutives days to
btain the intra- and interday variation. Accuracy and precision was
ccepted up to 20% of CV for the low, and 15% for the medium and
igh concentration.

Absolute recovery of cefuroxime extracted from the tissue
ragment was estimated on the basis on the obtained peak area
ntegrated from analysis of tissue purified extract vs the peak area
btained after direct injection of the cefuroxime standard solution,
hat was freshly prepared at the same concentration; relative recov-
ry was measured by the peak area ratio of cefuroxime and its
nternal standard (vancomycin) and data were expressed as per-
entage for recovery studies.

Stability study was performed using different concentrations
0.5, 10 and 100 �g/g tissue) analyzed in triplicate, including short
tability of samples on the bench (4 h), on the rack of the auto sam-
ler at room temperature (time and conditions of analysis), samples
fter three thawing cycles and after storage in a deep freezer up to
hree months.

.8. Calculations and statistical analysis

Based on the cefuroxime concentration obtained in subcuta-
eous tissue (T) and in plasma (P) at the same time points, the
T/P] ratio was calculated, which permitted to evaluate the extent
f penetration of the antimicrobial agent in subcutaneous tissue.

Statistical analysis was performed with the GraphPad
nStat 2.01® software using the nonparametric Wilcoxon and

ann–Whitney tests for paired and unpaired data, respectively.
he results are reported as median, mean, standard error of the
ean, and 95% confidence interval.

. Results and discussion

A review of the literature demonstrated that there are some
eports that describe the measurement of cefuroxime and other
ephalosporins in several biological matrices such as bone tissue,
bdominal fat, and heart tissue [10–17].

In a recent pilot study, Barbour et al. [18] evaluate six morbidly
bese patients undergoing abdominal surgery that received a single
ntravenous dose of 1.5 g cefuroxime within 1 h of incision. Blood
nd microdialysis samples from the interstitial space fluid (ISF) of
keletal muscle and subcutaneous adipose tissue were collected
nd determined by HPLC-UV, revealing that cefuroxime distributes
nto the ISF of muscle and adipose tissue of this patients enough
o prevent infections with Gram-positive organisms but may be
nsufficient to prevent infections with Gram-negative organisms.

Due to different methods found in the literature regarding the
uantitative analysis of cefuroxime in subcutaneous tissue, the ana-

ytical method previously developed in our laboratories for the
uantification of this antimicrobial agent in plasma was adapted
o tissue samples [19]. Since no biological material from patients
ould be used for the development and optimization of the analyt-

cal method, in the present investigation subcutaneous tissue from
ogs was employed based on the study of Casal et al. [20], who used
iological materials obtained from birds and pigs for the develop-
ent and validation of a method for the quantification of vitamins

n human subcutaneous tissue.
Relative recovery 98.4%

a Expressed as mean values relative to three concentration evaluated for each test
(100, 10 and 0.5 �g/g).

3.1. Method validation

A good linearity was obtained after the analysis of cefuroxime in
the tissue. The result was expressed by the intercept and also the
slope of the linear function as mean, standard error of the mean
(SEM) and the linear correlation coefficient (r) (Table 1).

The validation of the analytical method in this study was ade-
quate for the determination of cefuroxime in these patients. The
precision, accuracy and recovery rates obtained in the present
study agree with those reported in investigations involving patients
undergoing surgery of the neck and knee [11,12].

The analytical method shows specificity and selectivity, since
any endogenous peak from the subcutaneous tissue was not
co-eluted with cefuroxime or vancomycin after extraction. The
retention times obtained for cefuroxime (12.8 min) and the inter-
nal standard (4.5 min) guaranteed an analytical run of only 15 min,
thus permitting a large number of analyses per day (Fig. 1).

Although the internal standard vancomycin has a different
structure from cefuroxime, this drug had a good recuperation with-
out interference in the method validation or in the results of this
study.

The reliability of the analytical method for the quantification
of cefuroxime in this matrix was demonstrated by the follow-
ing parameters: linearity (0.5–100 �g/g), limits of quantification
(0.50 �g/g) and detection (0.25 �g/g), intra- and interday precision
(low, medium and high concentrations) ranged from 4.9 to 8.9%

and 6.4 to 9.9% (CV%), respectively, and intra- and interday accu-
racy ranged from 87.1 to 104.6% and 94.8 to 103.8%, respectively.
Relative recovery of the analyte from the biological material was
98.4%.
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for the 2nd sampling, 2.7–11.5 �g/g vs 2.4 to 7 �g/g for the

T
C

ig. 1. Representative HPLC-UV chromatogram at 280 nm of patient’s subcutaneous
issue sample using an eluent of 95:5 water/acetonitrile. 1: internal standard (van-
omycin) and 2: cefuroxime.

Short-term stability performed at room temperature of cefurox-
me in the subcutaneous tissue and on the rack of autosampler was
uaranteed up to 12 h. Three consecutive freeze–thaw cycles and
fter three months freezing showed good stability for cefuroxime
n this matrix stored in −80 ◦C (Table 1).

.2. Penetration of cefuroxime in the subcutaneous tissue

The penetration of the antimicrobial drug in the subcutaneous
issue during the intraoperative period and the respective concen-
ration in plasma at the same time was investigated in both groups
f patients. Maximal quantification of cefuroxime was observed
n 0.6 h (1st sampling) after IV bolus administration of the drug.
omparison of the cefuroxime concentrations obtained upon 1st
ampling showed no significant difference between groups, CPB
nd non-CPB (14.8 �g/g vs 13.2 �g/g, p = 0.71) (Table 2). Comparing

oth groups of patients, the results obtained for the 2nd and 3rd
amplings, suggest that CPB procedure has no important influence
n the distribution of the antimicrobial drug in subcutaneous tis-
ue since no significant difference was observed between the CPB

able 2
efuroxime in the plasma and subcutaneous tissue of patients during intra-operative cor

Sample T (h) CPB

Mean (�g/g)a (CI 95%

Subcutaneous tissue
1st 0.6 14.8 (9.5–21)
2nd 2.1 9.1 (3.8–14.5)
3rd 3.6 7.1 (2.7–11.5)
4th 4.5 14.7 (11.5–18)

Plasma
1st 0.6 98.7 (102–121)
2nd 2.1 51.5 (33.6–69)
3rd 3.6 39.8 (17.4–62)
4th 4.5 90.7 (72.5–109)

Tissue/plasma ratio (%)b

1st 0.6 14.6 (11–8)
2nd 2.1 15.7 (9.3–22)
3rd 3.6 22.5 (8–37)
4th 4.5 15.7 (10.7–20.7)

Mean (T/P) 17.1%

a �g of cefuroxime per gram of tissue or mL of plasma.
b Data expressed as means (�g/g of tissue) and CI 95%.
Fig. 2. Subcutaneous tissue/plasma concentration ratio (%) of cefuroxime in CPB and
non-CPB groups in four moments during intra-operative. Values expressed as mean
and SEM.

and non-CPB groups. However, a significant difference of cefurox-
ime concentration between both groups was observed for the 4th
sampling (14.7 �g/g vs 3.9 �g/g), once only the CPB group received
an additional dose of the drug immediately after the end of CPB
(Table 2).

Cefuroxime quantified in tissue (T) and plasma (P) at the same
moments permitted us to calculate the penetration ratio (T/P%).
The data obtained shows that there are no difference in the per-
centage of penetration, independent of the group of patient or of
the moment of the collection or the plasmatic bioavailability of the
cefuroxime (Fig. 2).

Similar results have been reported by Lovering et al. [15] for
20 patients submitted to hip orthopedic surgery. These investiga-
tors reported a subcutaneous tissue concentration of cefuroxime
of 15 �g/g, 10–30 min after administration of 1.5 g of the drug.
The wide variation reported by these authors (14–79 �g/g) agrees
with the present results showing cefuroxime concentrations for
the 1st sampling ranging from 0.5 to 21 �g/g for CPB group
and from 2.8 to 23.7 �g/g for the non-CPB group. For the other
samplings, a similar variation was observed, respectively, for
the CPB and non-CPB groups: 3.8–14.5 �g/g vs 9.0–14.0 �g/g
3rd sampling, and 11.5–18.0 �g/g vs 1.7 to 6.1 �g/g for the 4th
sampling. Another investigation in which an identical dose of
cefuroxime was administered to 15 patients submitted to neck
surgery, the authors reported a subcutaneous tissue concentra-

onary artery bypass grafting surgery.

Non-CPB p

) Mean (�g/g)a (CI 95%)

13.2 (2.8–23.7) 0.71
6.3 (9–14) 0.37
4.7 (2.4–7) 0.32
3.9 (1.7–6.1) <0.0001

94.2 (80–150) 0.79
54.0 (14–94) 0.88
37.7 (10–65) 0.88
25.8 (13.8–38) <0.0001

19 (9.2–29) 0.18
15.7 (2.5–29) 0.99
19.9 (2.0–38) 0.78
18.8 (2.1–34) 0.70

18.4%
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ion of the drug of 19.7 ± 7.1 �g/g 1.5 h after drug administration
12].

.3. Clinical implications

Considering that the minimal inhibitory concentration (MIC) of
efuroxime ranges from 1 to 4 �g/mL for the main bacteria involved
n surgical wound infections, the presence of the drug at this con-
entration permits adequate patient prophylaxis during surgery
4,15]. However, since patients of the non-CPB group receive the
econd cefuroxime dose only 12 h after the first one, the concen-
ration of the drug at the site of surgical incision may have been
ower than MIC at the postoperative period, with a consequent
isk of postoperative infection, as reported by Nascimento et al.
21]. This fact compromises antibiotic prophylaxis since the efficacy
f cefuroxime, like that of other beta-lactam antibiotics, depends
n the period of time the drug remains in the organism. In addi-
ion, maintenance of a concentration about four times higher than
he MIC is recommended to protect the patient against infections
aused by more resistant bacterial strains [4,22]. Therefore, alter-
tion in the dose scheme of cefuroxime is recommended as an
lternative to maintain adequate subcutaneous tissue concentra-
ions, since a similar and rapid loss of the drug is observed from
oth tissue and plasma, with a half-life around 1.5 h being observed

n both groups of patients investigated.
In the present study, it was possible to determine the percentage

f cefuroxime in tissue related to plasma using the calculated T/P
atio based on the concentration of the drug in subcutaneous tissue
nd plasma determined at the same time. The mean T/P ratios were
imilar in the CPB and non-CPB groups (17.1% vs 18.4%) throughout
he intraoperative period. This ratio remained constant at all peri-
ds investigated (0.6, 2.1, 3.6 and 4.5 h, p > 0.05), suggesting that a
ast distribution of drug from plasma to subcutaneous tissue occurs
nd the equilibrium is reached rapidly (Fig. 1). These data agree
ith the literature results showing a T/P ratio of 16% in a group of
atients undergoing orthopedic surgery and treated with the same
efuroxime dose [15].

Additionally, as the cefuroxime has presented good penetration
nd its concentrations in blood and subcutaneous tissue during the
urgery are over the recommendations, the additional dose admin-
stered after the cardiopulmonary bypass could be unnecessary.
. Conclusion

The data obtained suggest that the distribution of the drug from
lasma to subcutaneous tissue is fast and a fast equilibrium is

[
[

[

ogr. B 877 (2009) 3960–3964

reached after drug administration. In addition, a cefuroxime T/P
ratio remained unchanged in the intraoperative period in patients
undergoing coronary artery bypass grafting surgery, irrespective of
the presence or absence of CPB. Finally, CPB does not seem to affect
significantly the penetration of cefuroxime in tissues close to the
surgical wound making unnecessary the additional dose adminis-
tration.
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