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Abstract
The intervertebral disc is an avascular tissue, and penetration of antibiotics occurs by passive
diffusion. Cefotaxime penetration has not been well studied. The aim is to investigate the
penetration of cefotaxime into the intervertebral disc removed from patients undergoing
discectomy.

Twenty-six patients undergoing discectomy were recruited for this study. They were given one
gram of cefotaxime intravenously as a prophylactic antibiotic. Cefotaxime was extracted from
nucleus pulposus and serum and analyzed using an HPLC method with cefuroxime axetil as
internal standard.

Cefotaxime penetrated into all the 26 samples of nucleus pulposus resulting in a mean
concentration of 0.66+£0.13 pg/gm. The mean serum concentration at time of disc removal was
13.61+3.54 pg/ml. The concentration in 16 samples were below the minimum inhibitory
concentration against Staph. aureus with an average of 0.27+0.03 ug/g. There is a statistically
significant correlation between time after intravenous cefotaxime administration and its
concentration in the nucleus pulposus. The greater increase is in the third hour after
administration. Factors like age, body weight, gender, number of associated diseases and
surgical history did not seem to affect nucleus pulposus cefotaxime concentration.

In conclusion, cefotaxime can penetrate into the nucleus pulposus but its concentration is
relatively low. This concentration has a strong positive correlation with time after cefotaxime
intravenous administration. Cefotaxime, therefore, needs to be given at least two hours before
disc removal, with re-dosing immediately before operation to maintain high serum concentration.
Keywords: Surgery, cefotaxime concentration, intervertebral disc, nucleus pulposus, discectomy

Introduction

he intervertebral disc is an avascular 0

clindamycin and tobramycin’'°,

tissue and the only way for
antibiotics to reach the core of the disc is
by passive diffusion'. If antibiotics do not
reach the inner part of the disc (nucleus
pulposus, NP) in a  sufficient
concentration that exceeds the minimal
inhibitory concentration (MIC) of the
causative micro-organism, it may not
protect  against infections  during
discectomy and may result in discitis
and failure of operation’. Several
antibiotics were found to have good
penetration into the intervertebral disc
such as ceftriaxone, ceftazidime and
cefazolin3'6, cefuroxime & gentamicin7'8,

vancomycin'' and several others. On the
other hand, antibiotics like linezolid",
ciprofloxacin, co-amoxiclav and
amoxicillin'®'*, cefalothin’, and cefradine
and flucloxacillin'® had intermediate or
low penetration. Scarce information is
available about the penetration of
cefotaxime; one of the antibiotics used in
orthopedic practice in Basrah, into the
intervertebral discs. The aim of the
present study is, therefore, to investigate
the penetration of cefotaxime into the
intervertebral disc removed from patients
undergoing discectomy and to relate that
to its serum concentration and time
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between cefotaxime administration and
disc removal, and also to several other
patient characteristics.

Patients and Methods

Twenty-six patients underwent
discectomy at Basrah General Hospital
and Ibn-Albitar  Hospital during the
period from October 2014 to June 2015,
were recruited after giving their informed
consent to participate in this study. The
study protocol was approved by the
Ethical Committee and the Council of the
College of Medicine, University of
Basrah. Patients were given cefotaxime
(Cefotaxime sodium 1g, Roth, Germany)
intravenously as a prophylactic antibiotic
within one hour before surgery. Male and
female patients, less than 65-year-old
with no history of hypersensitivity
reaction to cephalosporins or penicillins
were included. Patients should have no
renal impairment by history and
investigations. Venous blood samples
were taken from eligible patients before
cefotaxime administration and also at
time of disc removal. Serum was
separated and stored at -40 C. Specimens
of the nucleus pulposus were washed
with  normal saline to remove
contaminating blood, and stored in a
plastic container at -40C. Cefotaxime
was extracted from serum samples and
analyzed by HPLC based on the method
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described by Shanmugam et al®.
Acetonitrile was used for extraction after
addition of cefuroxime axetil as internal
standard, diluted with mobile phase, and
50ul were injected into the HPLC
apparatus. The nucleus pulposus was
weighed and cut into pieces and
homogenized with acetonitrile in a ratio
of 1:6 w/v using Hedoliph homogenizer,
and after addition of cefuroxime axetil as
internal standard, vortexed and the
supernatant was air-dried in a water bath
(50C). The residue was dissolved in
100pl of the mobile phase, vortexed and
50ul were injected into the HPLC, in a
similar method to that described by
Walters et all6 (Figure 1). The mobile
phase was ammonium acetate buffer:
acetonitrile 88:12 v/v, pH 5, temperature
25C, flow rate 1ml/minute, wavelength
236nm. Quantitation was achieved by
measurement of the peak height ratio of
the drug to the internal standard. The
intraday coefficient of variation (CV) of
the internal standard for serum samples
was 5.98% while that for disc samples
9.38%. The lower limit of quantitation
was 0.2pug/ml. Data are presented as
meantstandard error of the mean (SEM)
or as indicated. Analysis of variance
(ANOVA) and t-test were used to test the
significance of changes between different
related variables and Exact Fisher test
was used for categorical data.
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(B) cefotaxime with cefuroxime axitel

Figure 1: The chromatogram of blank serum with cefuroxime axetil at a concentration of 2 mg/ml as
internal standard (A). Cefotaxime sodium at a concentration of 1pg/ml with cefuroxime axetil (2mg/ml)
(B). The retention time is 5.3 minutes for cefotaxime sodium and 6.6 minutes for cefuroxime axetil.

Bas J Surg, June, 25, 2019



Penetration of cefotaxime into intervertebral discs

TA Hamdan, MS Hashim, NS Haddad & AM Jawad

Results

Twenty-six patients undergoing
discectomy (20 with lumbar and 6 with
cervical disc prolapse) were included in
this study, with a mean age of 47+2.35
years; 19 of them were males and 7
females, with a mean body weight of
83.38+2.21 Kg. Most of them were using

anti-inflammatory and analgesics drugs
like NSAIDs and other treatments
(antihypertensive and anti-diabetic drugs)
and the average number of drugs used by
each patient was 3.11+0.08. The average
number of spine surgeries that patients
underwent was 1.23+0.19 (Table I).

Table I:  Characteristics of patients included in this stud
Site Age Male/ Weight | Number of Number of | Surgical
of prolapse | (years) |Female (Kg) Associated  |drugs Used | history
ratio diseases 1% or 2™
surgery
Lumbar 44 14M/6F 80.75 0.83£0.13 3.2 £0.09 16 — st
prolapse n=20|£2.38 (2.33) +2.58 4 —2nd
Cervical 54 SM/1F 89.66 0 3+0 5—1st
prolapse n=6 |+5.82 (5.0 +3.38 1 —2nd
Total 47 19M/7F 83.38 0.31+0.107 |3.11+0.08 |1.23 +0.19
n=26 H2.35 (2.71) +2.21
Data are presented as mean:SEM.  samples collected before injection.

Cefotaxime in NP and serum samples:
Cefotaxime was detected in nucleus
pulposus of all discs removed from the 26

Cefotaxime in serum at time of disc
removal was detected in 22 samples and
there was wide variation between patients

patients  undergoing laminectomy with  (13.61£3.54 ug/ml).
wide  variation  between  patients Serum concentration was negatively
(mean=SEM was 0.66+0.13 pg/g). No  correlated with the time after antibiotic
cefotaxime was detected in serum  administration (Table 1D).
Table Il: Time for disc collection with relevant serum and nucleus pulposus
cefotaxime concentrations
Duration of disc | Number of | Nucleus pulposus Serum
removal (minutes)* patients | concentration (ng/g) | Concentration (pg/ml)
<30 2 0.12+0.02 39.6+30.35
35-60 5 0.22+0.05 21.46+9.96
65-120 15 0.5+0.07 11.6+2.97
125-180 4 2.08+0.2 0.36+0.14
86.15+7.15 26 0.66+0.13 13.61+3.54

Data are presented as means + SEM. * After cefotaxime administration

Cefotaxime concentration in nucleus
pulposus: Cefotaxime concentrations in
nucleus pulposus were, arbitrarily,
categorized into two groups: below and
above  the minimum  inhibitory
concentration (MIC) against Staph.
aureus (Table III) (Note: For the sake of
categorization, and because of the
semifluid nature of the NP, units of NP
concentration in pg/g are roughly taken to
be equivalent to pupg/ml). Serum

concentration was significantly lower in
the group with higher than MIC
cefotaxime concentration in the NP
(P=0.035). The longer the duration after
cefotaxime administration, the lower the
serum concentration and the higher
the NP concentration. Other variables
like age, weight, gender, number of
associated diseases, number of drugs used
by patients, surgical history (1st or 2nd
operation) were not significantly different
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between the two groups. However,
female patients tended to have
proportionally more second operations
and less cervical prolapse, in comparison
to males. Cefotaxime concentration in NP
of cervical discs was found to be higher
than that in lumbar discs. This difference
had just failed to reach statistical

significance (P=0.073). The duration till
disc removal was longer in cervical
laminectomy but the difference was not
statistically  significant  (table  III):
Concentration of cefotaxime in nucleus
pulposus above and below the MIC
against Staph. aureus (0.5 pg/ml).

Table I11: Concentration of cefotaxime in nucleus pulposus above and below the

MIC against Staph. aureus (0.5 pg/ml)

Parameter NP concentration P value
Below MIC against | Above MIC against
Staph. aureus™® n=16 Staph. aureus* n=10
Mean + SEM 0.27+£0.03 1.29+0.23
Serum conc. (pg/ml) 18.84+5.16 5.25+£2.63 0.035
Duration (minutes) 68.75+6.46 114+11.61 0.001
Male/Female ratio 3 2.33
Age (years) 48+3.29 45+3.2 0.457
Body weight (kg) 83.87+3.1 82.6+3.1 0.774
No. of chronic 0.33+0.15 0.27+0.13 0.881
diseases

Surgical history 14-1st 2-2nd 8 -1st

(1st or 2nd) 2 -2nd
No. of drugs used 3.2+0.06 3.1+0.1 0.94

Correlation between NP cefotaxime  concentration, NP cefotaxime

concentration and time after its  concentration was found to increase as
administration: The time between the time after administration became
cefotaxime intravenous administration  longer (Pearson correlation coefficient
and disc removal correlated positively  1r2=0.6844, P=0.000) (Figure 2).
and  significantly with NP cefotaxime
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Figure 2: Correlation of NP cefotaxime concentration with time after administration.
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The ratio of cefotaxime serum and NP
concentration to its minimum inhibitory
concentration (MIC) against Staph.
aureus . The ratio of serum and NP
concentration to the MIC against Staph.
aureus was calculated as a sensitive

index for the effectiveness of an
antibiotic. The ratio of mean serum
concentration to the MIC (against Staph.
aureus) was 27.22, while that of nucleus
pulposus concentration was only 1.32
(Table V).

Table 1V: The ratio of serum and NP concentration of cefotaxime to MIC against

S. aureus.
IParameters Mean concentration  [Ratio to MIC
Serum 13.61 pg/ml 27.22
NP 0.66 pg /g* 1.32
MIC of cefotaxime against (0.5 pg/ml -
Staph. aureus

*For the sake of comparison and categorization (above and below MIC), and because of
the semifluid nature of the NP, the ug /g concentration is roughly taken to be equivalent

to pg/ml.

Discussion

The importance of the subject of
antibiotic penetration into the

intervertebral disc stems from the serious
consequences of the disc space infection
that might occur after discectomy, with
an estimated incidence rate ranging from
0.21 to 3.6%'". Prevention of infection
is, therefore, of utmost importance. The
main problem is that the intervertebral
disc and its nucleus pulposus are
avascular tissues’’. They receive their
nutrition and get rid of waste products via
the process of diffusion'. This diffusion
depends on several factors which include,
among others, drug molecular charge,
protein binding, serum concentration,
time after administration and disc
degeneration”"'**?. For the antibiotic to
be effective in preventing infection, it
must penetrate into the disc in a
concentration  above the  minimal
inhibitory concentration (MIC) of the
causative bacteria™. The penetration of

cephalosporins into the intervertebral
discs has been studied previously.
Cefazolin, a first generation

cephalosporin, is extensively studied on
the basis of its effectiveness against gram
positive organisms particularly Staph.
aureus which is an important causative
organism of disc space infection'”**.

Cefazolin is thought to be the preferred
cephalosporin used for prophylaxis prior
to spine surgery”. Ceftriaxone, a third
generation cephalosporin with its broad
spectrum activity and long duration of
action, has also been studied’. On the
other hand, cefradine and cefalothin could

not be detected in the nucleus
pulposus”'.
Up to our knowledge, -cefotaxime

penetration into intervertebral discs has
not been well investigated in human or
animals despite its common prescription
particularly in our local orthopedic
practice. Therefore, 1g of cefotaxime was
given intravenously at different intervals
before  spine  surgeries, and its
concentration in the nucleus pulposus
removed during surgery, and serum
concentration at time of NP removal,
were measured by HPLC methods.
Results of the present study showed that
cefotaxime when given intravenously as a
prophylactic antibiotic before discectomy
penetrates into the intervertebral disc and
reaches, to a variable extent, the nucleus
pulposus in all the 26 disc samples
received after discectomy with a mean
concentration of 0.66+0.13 ng/g, while
the mean serum concentration at time of
disc removal was 13.61£3.54ug/ml. This
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NP concentration is relatively low with
16 patients (61.5%) were having a
concentration below the MIC against
Staph. aureus. The overall approximated
ratio of NP concentration to the MIC
against Staph. aureus is only 1.32,
compared with 27.22 for serum. As cited
above, one factor influencing penetration
is the electrical charge of the antibiotic
molecule’. Positively charged antibiotics
e.g. aminoglycosides penetrate easily to
the negatively charged NP.
Cephalosporins are negatively
charged compounds. They have less
capability to penetrate in comparison to
aminoglycosides”.  Cephalothin  and
cefradine are negatively charged and had
not be detected in the NP*'*. Time after
administration seems to affect antibiotic
penetration into the nucleus pulposus’.
Gentamicin needed around two hours
after its administration to reach its peak in
the nucleus pulposus®®.  Cefazolin
required one hour after administration to
reach its peak level'®. In the present
study, cefotaxime concentration in the
nucleus  pulposus is  significantly
correlated with the time after its
intravenous administration. The NP
concentration increased 2 hours after
cefotaxime concentration. During the 3rd
hour after cefotaxime administration, the
average concentration increased from
0.5£0.07pug/g to 2.08+0.2 pg/g while
serum concentration was decreasing with
time. The relationship between NP and
serum concentrations was negative. The
results of the present study indicate that
for higher NP concentration, cefotaxime
should be administered 2 hours and more
before disc removal. In line with our
results, Lang et al’, reported that effective
ceftriaxone NP concentration after
intravenous administration was achieved
after 2-4 hours, while Currier et al®®,
showed that gentamicin level in the NP
peaked 2 hours after intravenous bolus
administration. However, opposite
findings had been reported by Fraser et

al”’, where longer time after cefazolin
administration will have a negative effect
on its concentration in the nucleus
pulposus. Several other factors could be
responsible for the poor penetration
detected in the remaining 16 patients in
the present work. One of them is the
protein binding. High protein binding of

cefotaxime (>90%) can play an
important role in slowing
penetration. This 1s in contrast to

gentamicin which has a low protein
binding (20-30%) with good penetration
property”. The ratio of serum or NP
concentration to the minimum inhibitory
concentration (MIC) is considered as a
sensitive indicator of the effectiveness of
an antibiotic'”. In the present study, the
ratio of NP concentration to the MIC
against Staph. aureus was small
indicating poor penetration of cefotaxime
to the disc. The dose of cefotaxime used
in this study is one gram. Increasing the
dose might be tried in the future because
the evidence is that increased penetration
can occur after increasing the antibiotic
dose, particularly for longer operations.
Lang et al’ , Riley et al” and Rohde et al®
suggested that larger bolus doses are
required for operations longer than 4
hours to maintain effective levels. In
addition, cefoperazone reached a
detectable level exceeding the MIC
against Staph.aureus only if given in a
dose of 2g28. It is, therefore, concluded
that cefotaxime can be detected in the
nucleus pulposus of all patients involved
in this study, but its concentration is
relatively low. A strong positive
correlation was found between time after
cefotaxime intravenous administration
and its concentration in the nucleus
pulposus. The greater increase is in the
third  hour  after  administration.
Cefotaxime, therefore, needs to be given
at least two hours before the expected
time for disc removal, with re-dosing
immediately before operation to maintain
high serum concentration.
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