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Abstract
Background: Surgical site infections (SSIs) can have devastating consequences for children who undergo spinal
instrumentation. Prospective evaluations of prophylactic cefazolin in this population are limited. The purpose of this studywas
to describe the pharmacokinetics and skeletal muscle disposition of prophylactic cefazolin in a paediatric population
undergoing complex spinal surgery.
Methods: This prospective pharmacokinetic study included17 childrenwith adolescent idiopathic scoliosis undergoing posterior
spinal fusion, with a median age of 13.8 [interquartile range (IQR) 13.4–15.4] yr and a median weight of 60.6 (IQR 50.8–66.0) kg.
A dosing strategy consistent with published guidelines was used. Serial plasma and skeletal muscle microdialysis samples were
obtainedduring the operative procedure andunbound cefazolin concentrationsmeasured. Non-compartmental pharmacokinetic
analyses were performed. The amount of time that the concentration of unbound cefazolin exceeded the minimal inhibitory
concentration for bacterial growth for selected SSI pathogens was calculated.
Results: Skeletal muscle concentrations peaked at a median of 37.6 (IQR 26.8–40.0) µg ml−1 within 30–60 min after the first
cefazolin 30mgkg−1 dose. For patientswho received a second30mgkg−1 dose, the peak concentrations reached amedianof 40.5
(IQR 30.8–45.7) µg ml−1 within 30–60 min. The target cefazolin concentrations for SSI prophylaxis for meticillin-sensitive
Staphylococcus aureus (MSSA) and Gram-negative pathogens were exceeded in skeletal muscle 98.9 and 58.3% of the
intraoperative time, respectively.
Conclusions: For childrenwith adolescent idiopathic scoliosis undergoing posterior spinal fusion, the cefazolin dosing strategy
used in this study resulted in skeletal muscle concentrations that were likely not to be effective for intraoperative SSI
prophylaxis against Gram-negative pathogens.
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Surgical site infections (SSIs) cause patient harm and excess health-
care costs. In children undergoing spinal instrumentation for

correction of scoliosis, SSIs often require repeated surgical proce-
dures, long-term i.v. antibiotics, and prolonged hospitalizations.1–3
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Both patient factors, such as a diagnosis of neuromuscular
scoliosis, and surgical process factors, such as the timing of ad-
ministration of preoperative antibiotic prophylaxis, have been
associated with increased SSI rates.1 4–6 Although consensus
recommendations for best practices have been developed for
paediatric spine surgery,7 there have been relatively few pro-
spective evaluations of some of the modifiable risk factors.

Perioperative antibiotic prophylaxis is the cornerstone of SSI
prevention. Achieving and maintaining goal tissue concentra-
tions of prophylactic antibiotics near the surgical site are crucial
elements tomaximize their effectiveness.8 9 Tissuemicrodialysis
is a technique used in clinical pharmacology to sample more
directly and continuously the free, unbounddrug concentrations,
including perioperative antibiotics, in the interstitial fluid of
various tissues.10 11

Currently, the only published pharmacokinetic (PK) study of
prophylactic cefazolin in children undergoing spinal surgery
used total plasma concentrations as a surrogate for tissue drug
concentrations.12 Total plasma concentrations, however, may
not accurately reflect antimicrobial concentrations at the inci-
sion site, especially given the unknown penetration of cefazolin
into soft tissue and the unknown relationship between total cefa-
zolin and unbound cefazolin (the active drug) deposition into
tissue. Furthermore, the surgical procedure and anaesthesia
may alter systemic and local physiology that may affect peri-
operative antibiotic pharmacokinetics.

The purpose of this studywas to determine the pharmacokin-
etics and skeletal muscle disposition of prophylactic cefazolin
using both plasma and microdialysis sampling in a cohort of
patients diagnosed with adolescent idiopathic scoliosis (AIS)
undergoing posterior spinal fusion (PSF).

Methods
Patients and surgical procedure

The Institutional Review Board at The Children’s Hospital of
Philadelphia approved this prospective pharmacokinetic study.
The study protocol met all applicable safety and reporting guide-
lines, with informed consent obtained from legal guardians of all
patients and informed assent obtained from all patients who
were less than 18 yr of age.

Males or females from 10 to 18 yr old with AIS who were
undergoing primary posterior spinal fusion with instrumenta-
tion and whowere going to receive cefazolin as part of their peri-
operative antibiotic regimen were eligible. Exclusion criteria
included a known allergy to cefazolin, anatomical or other abnor-
malities that precluded insertion of a microdialysis catheter into
the selected paraspinal muscle, or known renal or hepatic insuf-
ficiency or failure. The cefazolin dosing schedule used 30mg kg−1

(maximum 2000 mg) given i.v. within 60 min before incision and
30 mg kg−1 (maximum 2000 mg) repeated every 4 h during the
procedure, which was consistent with national guidelines.9

This study was designed to evaluate the current standard of
care; this was not an intervention trial. Anaesthetic technique
was at the discretion of the attending anaesthetist.

Pharmacokinetic sampling

Blood samples (2 ml of blood collected in lithium heparin tubes)
were obtained from an arterial catheter. Blood samples were
timed relative to each cefazolin dose (pre-dose, 5, 15, 30, 60, 90,
120, 180, and 240 min) and at the time of skin closure. Plasma
samples were separated into two aliquots: one to measure the
total (protein bound plus unbound) cefazolin concentration and
one to measure the unbound cefazolin concentration. Microdia-
lysate samples were collected continuously every 30 min after
the initial dose throughout the operative procedure.

Description of microdialysis

Microdialysis was performed using the 63 microdialysis catheter
(M Dialysis AB, Solna, Sweden) inserted percutaneously after in-
duction of anaesthesia into a right-sided paraspinalmuscle, with
the catheter tip terminating approximately two vertebral bodies
superior to the superior edge of the planned incision. The cathe-
ters contained polyarylethersulphone membranes with a mo-
lecular weight cut-off of 20 kDa, were 30 mm in length, and
were perfused with an isotonic solution designed for use in per-
ipheral tissue (Perfusion Fluid T1; M Dialysis AB). A 107microdia-
lysis pump (MDialysis AB) with a flow rate of 1 µl min−1 was used
for microdialysate sample collection. Each catheter was removed
before emergence from anaesthesia. The CHOP Institutional
Review Board considered the 63 microdialysis catheter a non-
significant risk device.

Relative recovery and calculations of interstitial fluid
concentration

In order to quantify the interstitial fluid cefazolin concentrations
accurately, retrodialysis was used to calibrate the microdialysis
catheter so that the in vivo relative recovery (RR) of cefazolin
could be calculated for each patient.10 11 For retrodialysis, the per-
fusion fluid was prepared by our Investigational Pharmacy and
contained cefazolin 20 µg ml−1 and was administered at a perfu-
sion rate of 1 µlmin−1 for 20min before collection of the retrodia-
lysis sample. The in vivo RR was calculated for each patient using
the following equation11:

In vivo RR (%Þ ¼ 100� 100 × Cdialysate

Cperfusate

 !

where Cdialysate is the cefazolin concentration in the retrodialysis
sample and Cperfusate is the concentration of cefazolin in the perfu-
sion fluid that was run during retrodialysis. After retrodialysis, ca-
theters were flushed with the Perfusion Fluid T1 (not containing
cefazolin), followed by a median equilibration period of 25.0 min
[interquartile range (IQR) 23.0–30.0 min] before the administration
of the first dose of cefazolin. The interstitial concentration of cefa-
zolin was calculated using the following equation:

Cinterstitial ¼ 100 ×
Cmicrodialysate

In vivo RR

Editor’s key points

• Prophylactic antibiotic administration is an important
component of the prevention of surgical site infection.

• Cefazolin is a commonly used prophylactic agent in ortho-
paedic surgery.

• The authors used tissue microdialysis to study cefazolin
pharmacokinetics in paediatric patients.

• After 30 mg kg−1 doses, skeletal muscle concentrations
were adequate formeticillin-sensitive Staphylococcus aureus,
but not for Gram-negative organisms.
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where the concentration in themicrodialysate is the cefazolin con-
centration measured in the collected specimens.

Sample analysis

Blood samples were centrifuged at 580 g for 10 min. The plasma
was separated into two aliquots, stored at −20°C at collection and
then at −80°C until analysis. One aliquot was processed further
by ultrafiltration of 400 µl of plasma with a Spin-X ultrafiltrate
membrane (10 000 MWCO; Corning Inc., Lowell, MA, USA) to
measure unbound cefazolin. Non-specific binding of cefazolin
to the ultrafiltration membrane was 12% and was corrected for
in the final calculations. One total plasma concentration value
and one unbound plasma concentration value (out of a total of
268 time points and 536 sample preps) were estimated based on
average protein binding for other similar samples.

Cefazolin concentrations in microdialysate (unbound only)
and plasma samples (total and unbound) were determined by
validated aqueous and plasma assays using high-performance
liquid chromatography and tandem mass spectrometry devel-
oped and performed at The Children’s Hospital of Philadelphia
and described elsewhere.13 The lower limit of quantification for
the total plasma assay was 1 µg ml−1 (linear range 1–500 µg
ml−1), with interday and intraday coefficients of variation <5%.
For the unbound cefazolin assay, the lower limit of quantification
was 0.1 µg ml−1 (linear range 0.1–100 µg ml−1), with interday and
intraday coefficients of variation <5%.

Pharmacokinetic and statistical analysis

Non-compartmental methods were used for pharmacokinetic
analyses on the 17 evaluable patients. Maximal plasma and skel-
etal muscle concentrations (Cmax) and the time to maximal con-
centrations (Tmax) were determined after each dose of cefazolin.
Owing to the nature of microdialysis collection, the Cmax values
for the microdialysis samples represent average concentrations
throughout the collected time interval.

The area under the concentration–time curve (AUC) for the
plasma samples was calculated using the log–linear trapezoid
method. For microdialysis samples, the skeletal muscle AUC
was calculated by multiplying the measured unbound cefazolin
concentration corrected for RR by the time interval of the micro-
dialysis sample collection, then summation of the areas for each
interval. Calculation of the AUC0–last allows for a measure of
cefazolin exposure in both plasma and skeletal muscle for the
duration of the intraoperative sample collection period. Tissue
penetration of cefazolin was determined by calculating, and
comparing, ratios of AUC0–last for microdialysis samples with
AUC0–last for unbound plasma samples.

The pharmacokinetic–pharmacodynamic (PK–PD) factormost
closely associated with the antibacterial effectiveness of cepha-
losporins is the amount of time the concentration of the free
drug exceeds theminimal inhibitory concentration (MIC) for bac-
terial growth ( fT>MIC);14 therefore, this value was calculated
using relevant minimum inhibitory concentrations required to
inhibit growth of 90% of bacteria (MIC90) values.

15

Summarydataarepresented asmedians (IQR). Non-parametric
tests including the Wilcoxon signed-rank test and the Wilcoxon
rank-sum test were used for comparison statistics. Correlation
analysis was performed with linear regression. Statistical ana-
lyses and plots were performed using R Studio Version
0.98.1091 (R Studio Inc, Boston, Massachusetts, USA), Microsoft
Excel for Mac 2011 (Microsoft Corp, Redmond, Washington,

USA), and KaleidaGraph Version 4.5.2 (Synergy Software, Read-
ing, Pennsylvania, USA).

Safety and monitoring

After microdialysis catheter placement, each patient had a
microdialysis adverse event monitoring form completed during
surgery and daily for up to 5 days after surgery or until hospital
discharge.

Results
Population characteristics

A convenience sample of 23 patients was enrolled in this study,
resulting in 17 evaluable patients (Fig. 1 and Table 1). Six patients
received one intraoperative dose of cefazolin (i.e. their proce-
dures were <240 min). Eleven patients received two intraopera-
tive doses of cefazolin. All patients were ASA Class II. There
were no instances of SSIs in this cohort.

Pharmacokinetic parameters

Themedian time from the administration of thefirst dose of cefa-
zolin to incision for all patients was 6.9 (IQR 3.9–10.0) min. After
administration of the first cefazolin dose, unbound plasma cefa-
zolin concentrations peaked at the first measured time point
(Cmax1 and Tmax1; Table 2 and Fig. 2). For those patients who re-
ceived a second dose, the Cmin measured before Dose 2 was 7.1
(IQR 6.2–8.0) µg ml−1. The second dose was administered 240.0
(IQR 235.8–240.4) min after the first dose and produced a second
unbound plasma peak (Cmax2) that was significantly higher than
that following the first dose (Table 2 and Fig. 3).

After administration of thefirst cefazolin dose,muscle concen-
trations of cefazolin peaked between 30 and 60 min (Table 2 and
Figs 2 and 3). For those patients who received two doses, peak
muscle concentrations were also seen between 30 and 60 min,
and the Cmax for each dose was similar (Table 2 and Fig. 3).

Tissue penetration

The median in vivo RR was 84.5% (IQR 77.8–89.3%). The skeletal
muscle to unbound plasma AUC0–last ratio was similar between
those who received one and two doses of cefazolin (Table 2).

Amount of time the concentration of free drug exceeds
the minimal inhibitory concentration (fT>MIC90)

For all patients, approximately 98–100%of the sampling timeper-
iod showed unbound cefazolin concentrations in both plasma
and skeletal muscle of >2 µg ml−1 (Table 3). This percentage de-
creased for both groups for concentrations >16 and >32 µg ml−1

in plasma or skeletal muscle, respectively (Table 3).

Correlations

There were minimal correlations between the skeletal muscle
to unbound plasma AUC0–last ratio and estimated blood loss
(r2=0.21), percentage of circulating blood volume lost (r2=0.16),
total fluids administered (r2=0.15), BMI (r2=0.14), or urine output
during the procedure (r2=0.04). There were minimal correla-
tions between the percentage of circulating blood volume lost
and total clearance (r2=0.02), half-life (t½; r

2=0.19), and volume
of distribution (Vd) of the central compartment (r2=0.09).
There were moderate correlations between the total clearance
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and the skeletal muscle to unbound plasma AUC0–last ratio
(r2=0.32), fT>MIC90 for >16 (r2=0.33) and >32 µg ml−1 (r2=0.37),
respectively.

Protein binding

In this study, themedian percentage protein binding of cefazolin
in all collected plasma samples was 90.0% (IQR 85.6–92.3%).

Assessed for eligibility (n=122)

23 Subjects enrolled

Excluded (n=99)
•  Incorrect diagnosis (n=42)
•  Declined to participate (n=24)
•  Limited research team availability on date of surgery (n=21)
•  Age (n=4)
•  Known cephalosporin allergy (n=3)
•  Other reasons (n=5)

Did not undergo study procedures (n=6)
•  Voluntary withdraw prior to OR (n=2)
•  Excluded owing to elevated creatinine on preoperative testing (n=1)
•  Surgery postponed following enrolment (n=1)
•  Difficulty with appropriate placement of MD catheter (n=1)
•  Problem with timing of MD catheter placement so as to not extend anaesthesia (n=1)

1 Dose cohort
6 subjects

2 Dose cohort
11 subjects

Fig 1 Flow diagram describing study participants. MD, microdialysis; OR, operating room.

Table 1 Patient characteristics (n=17). Values are reported as medians (interquartile range) unless otherwise noted. Categorical data were
compared using Fisher’s exact test and continuous data using Wilcoxon rank-sum test. Estimated circulating blood volume was calculated
bymultiplying theweight in kilograms by 70ml kg−1. Estimated circulating blood volume losswas calculated by dividing the estimated blood
loss by the estimated circulating blood loss and is reported as a percentage. NA, not assessed

Variable One-dose cohort (n=6) Two-dose cohort (n=11) P-value

Age (yr) 13.8 (12.4–14.6) 13.8 (13.6–17.1) 0.29
Sex (male/female) 2/4 3/8 0.56
Weight (kg) 61.6 (50.9–65.1) 58.5 (52.8–67.3) 1
Height (m) 1.60 (1.55–1.63) 1.65 (1.62–1.69) 0.10
BMI (kg m−2) 24.5 (19.9–26.0) 20.3 (19.2–25.3) 0.88
Time from first cefazolin dose to incision (min) 3.9 (3.5–4.9) 8.2 (7.1–11.3) 0.01
Time from first cefazolin dose to second cefazolin dose (min) NA 240 (236–240) –

First cefazolin dose (mg kg−1) 29.9 (29.7–30.0) 30.0 (29.3–30.1) 0.35
Second cefazolin dose (mg kg−1) NA 30.0 (29.3–30.1) –

Total fluid received (ml) 3300 (2300–3753) 3700 (2826–5618) 0.22
Crystalloid received (ml) 3300 (2300–3663) 3550 (2750–5000) 0.26
Cellsaver blood received (ml) 32 (0–91) 150 (105–313) 0.01
Packed red blood cells received (ml) 0 (0–0) 0 (0–0) 0.54
Whole blood received (ml) 0 (0–0) 0 (0–0) 0.33
Estimated circulating blood volume (ml) 4309 (3560–4553) 4095 (3693–4708) 1.0
Estimated blood loss (ml) 500 (500–500) 700 (450–1000) 0.33
Estimated circulating blood volume loss (%) 11.6 (11.0–11.0) 19.7 (10.4–24.1) 0.23
Urine output (ml) 290 (258–435) 760 (650–1080) 0.04
Urine output (ml kg−1 h−1) 1.4 (1.1–1.8) 3.1 (1.8–4.1) 0.09
Total surgical time (min) 215 (190–223) 285 (268–304) <0.001
Procedure start temperature (°C) 34.9 (34.7–5.1) 34.7 (34.5–35.2) 0.48
Procedure end temperature (°C) 37.1 (36.8–37.5) 36.8 (36.4–37.2) 0.39
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Microdialysis catheter safety

Eight patients had minor bleeding (defined as one to three drops
of blood) during placement of the catheters. No patients had sub-
cutaneous bleeding, haematoma formation, or accidental venous
puncture. There were no instances of catheter disruption or dis-
placement during the surgical procedures and no complications
attributable to the microdialysis catheters during the follow-up
period.

Discussion
This study prospectively evaluated the pharmacokinetics and
skeletal muscle disposition of prophylactic cefazolin using both
plasma and microdialysis sampling in a paediatric cohort with
AIS undergoing PSF. Skeletal muscle concentrations of cefazolin
achieved with this dosing strategy are likely to be effective for in-
traoperative SSI prophylaxis against meticillin-sensitive Staphylo-
coccus aureus (MSSA) but might not be effective for intraoperative

Table 2 Pharmacokinetic parameters for cefazolin for all patients. Values are reported as medians (interquartile range) except for Tmax

values formicrodialysis samples, which are reported asmedian values of the collection time interval duringwhich the peak was likely to be
collected, because the measured microdialysate concentrations represent average concentrations during the collected time frame and are
not precise point estimates. Calculations for clearance and t½ are based on the measured total (unbound plus protein-bound) cefazolin
concentrations in plasma. AUC, area under the concentration–time curve; Cmax, maximal concentration; MD, microdialysis; t½, half-life;
Tmax, time to maximal concentration. *P=0.003

Parameter All patients (n=17) One-dose cohort (n=6) Two-dose cohort (n=11)

Tmax1 unbound plasma (min) 5.0 (5.0–5.3) 5.0 (5.0–5.0) 5.0 (5.0–5.8)
Cmax1 unbound plasma (µg ml−1) 47.7 (43.3–54.0) 54.7 (50.8–58.5) 46.0* (43.2–47.7)
Tmin1 unbound plasma (µg ml−1) – – 236.0 (233.0–238.5)
Cmin1 unbound plasma (µg ml−1) – – 2.1 (1.9–2.9)
Tmax1 MD (min) 30.0–60.0 30.0–60.0 30.0–60.0
Cmax1 MD (µg ml−1) 37.6 (26.8–40.0) 34.8 (31.6–39.4) 38.4 (25.4–44.4)
Tmin1 MD (min) – – 210–239
Cmin1 MD (µg ml−1) – – 7.1 (6.2–8.0)
Tmax2 unbound plasma (min) – – 5.0 (5.0–5.5)
Cmax2 unbound plasma (µg ml−1) – – 74.2* (54.7–78.3)
Tmax2 MD (min) – – 30–60
Cmax2 MD (µg ml−1) – – 40.5 (30.8–45.7)
Unbound plasma AUC0–infinity (µg min ml−1) 2935.9 (2654.8–3466.8) 3576.4 (3159.7–3825.7) 2765.0 (2329.9–3004.0)
Unbound plasma AUC0–last (µg min ml−1) 3537.0 (2921.7–4546.9) 3039.2 (2740.3–3405.8) 4141.3 (3529.8–4625.6)
MD AUC0–last (µg min ml−1) 5792.2 (4306.4–6986.6) 4183.8 (3918.6–5010.0) 6328.9 (5643.6–7172.9)
MD/unbound plasma AUC0–last ratio 1.69 (1.17–1.94) 1.37 (1.00–1.85) 1.83 (1.32–2.07)
Clearance (total plasma; litre h−1 kg−1) 0.06 (0.06–0.07) 0.06 (0.06–0.07) 0.06 (0.06–0.07)
t½ (total plasma; h) 1.57 (1.47–1.71) 1.51 (1.46–1.67) 1.64 (1.49–1.70)

Fig 2 Semi-logarithmic concentration–time profile for unbound cefazolin in microdialysate and plasma samples of all patients who received one dose of cefazolin.

The horizontal lines indicate various concentration targets and associated surgical site infection pathogen(s). The vertical line indicates 240 min, the time when

cefazolin was dosed again for those patients receiving two doses. E., Escherichia; K., Klebsiella; MD, microdialysate; MSSA, meticillin-sensitive Staphylococcus aureus.

Cefazolin concentrations during scoliosis surgery | 91



SSI prophylaxis against Gram-negative pathogens. This has po-
tential implications for perioperative antibiotic dosing guidelines.

The exact tissue concentrations of cefazolin required for
effective SSI prophylaxis are unknown. For reference, treatment
of active Gram-positive and Gram-negative infections with cefa-
zolin requires a goal fT>MIC of 30–40 and 60–70%, respectively,
with maximal killing effects around four to five times MIC.14

Our conclusions are based on a conservative estimate for prophy-
laxis that a concentration of cefazolin equal to the MIC90 be
achieved for at least 60–70% of the dosing interval. However,
achieving these concentrations at the time of the incision and
maintaining them throughout the entire procedure are perhaps
the correct targets.16

Major surgery has the potential to induce changes in systemic
physiology and local conditions within the surgical site that may
lead to altered pharmacokinetics and tissue penetration of cefa-
zolin.17 One advantage of the present study is that we measured
skeletal muscle concentrations of cefazolin for the entire PSF op-
eration in close proximity to the surgical site. Consistent with a
previous study in adult patients, we found no significant

relationship between blood loss during PSF and various PK para-
meters, including Vd of the central compartment and t½.

18

Although the patients in our study had a relatively low esti-
mated blood loss, we found minimal correlation between blood
loss and tissue penetration of cefazolin, as measured by the skel-
etal muscle to unbound plasma AUC0–last ratio. Our data on blood
loss are consistentwith two previous studies (one paediatric study
with a larger blood loss and one adult study with a similar blood
loss to the patients in our study) that found no significant correl-
ation between intraoperative blood loss and total cefazolin plasma
concentrations.12 18 However, another study of adult patientswith
a blood loss more than twice what was seen in our study found a
significant correlationbetweenblood loss and the change in tissue
concentrations of cefazolin.19 The degree of blood lossmay be im-
portant for tissue penetration of antibiotics during major surgery,
but we did not observe this in our cohort.

It is important to achieve and maintain adequate tissue con-
centrations of cefazolin during a surgical procedure to havemax-
imal efficacy.8 9 For the present study, we separated the analysis
and compared those patients who received one dose of cefazolin

Fig 3 Semi-logarithmic concentration–time profile for unbound cefazolin in microdialysate and plasma samples of all patients who received two doses of

intraoperative cefazolin. The horizontal lines indicate various concentration targets and associated surgical site infection pathogen(s). The vertical line

indicates 240 min, the time when cefazolin was dosed again. E., Escherichia; K., Klebsiella; MD, microdialysate; MSSA, meticillin-sensitive Staphylococcus aureus.

Table 3 Percentage of time that unbound (free) cefazolin concentrations were above different concentration targets. The concentration
targets of 2 µg mL−1 and 16 µg mL−1 represent estimated minimum inhibitory concentrations required to inhibit growth of 90% of bacteria
(MIC90) of bacteria that are potentially susceptible to cefazolin and known to cause SSIs in patients with adolescent idiopathic scoliosis
undergoing posterior spinal fusion procedures. These calculations therefore represent the amount of time the concentration of free
cefazolin exceeds the MIC90 (fT>MIC90). All reported values are median (interquartile range) percentages. MSSA, meticillin-sensitive
Staphylococcus aureus; SSI, surgical site infection

Target
concentration (µg
ml−1)

SSI pathogen All patients (n=17) One-dose cohort (n=6) Two-dose cohort (n=11)

Unbound
plasma

Skeletal
muscle

Unbound
plasma

Skeletal
muscle

Unbound
plasma

Skeletal
muscle

2 MSSA 100 (100–100) 98.9 (98.6–99.4) 100 (100–100) 98.8 (98.3–98.9) 100 (95.3–100) 99.1 (98.8–99.4)
16 Escherichia coli,

Klebsiella
pneumoniae

22.1 (19.2–25.9) 58.3 (45.9–86.8) 22.4 (20.9–23.5) 71.3 (47.6–88.1) 22.1 (18.9–27.9) 58.3 (46.0–62.5)

32 8.4 (7.0–9.1) 13.0 (0.0–25.1) 7.1 (7.0–7.7) 12.6 (0.0–27.7) 8.9 (8.3–10.2) 13.0 (0.0–22.2)
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with those who received two doses during their procedure be-
cause of differences in their drug exposure. Not surprisingly,
the Cmax1 was significantly lower than the Cmax2 for the unbound
plasma fraction in patients receiving two doses of cefazolin.
However, there was no significant difference between Cmax1 and
Cmax2 for the skeletal muscle concentrations in these patients.
The time course for the attainment ofmaximal tissue concentra-
tion for the first and second doses of cefazolin was between 30
and 60 min after administration. Although microdialysis is
superior to other assessment methods for antibiotic tissue con-
centrations, samples contain average cefazolin concentrations
throughout the collection interval and, therefore, we cannot be
more precise about describing the rate of increase of skeletal
muscle concentrations. This time course of cefazolin distribution
into tissue following the first dose is similar to that described in
other paediatric and adult surgical populations.13 17 20 21

Our findings reinforce that both the timing and the dose of
cefazolin are important considerations when using this antibiot-
ic for intraoperative SSI prophylaxis. In this study, the median
time from the first dose of cefazolin to incision was 6.9 min,
which may not have been long enough to allow for adequate tis-
sue concentrations before incision for common SSI pathogens.
Even before the 4 h time point, tissue concentrations of cefazolin
fell below concentrations that are likely to be effective against
Gram-negative organisms and were approaching threshold con-
centrations that are likely to be effective against MSSA, empha-
sizing the importance of intraoperative repeated dosing. For
populations at high risk for Gram-negative infections, such as
those with neuromuscular scoliosis,1 4 22–24 repeated dosing
may have to be even more frequent or consideration be given
for use of a continuous infusion of cefazolin. Alternatively, add-
itional Gram-negative antimicrobial coveragemay be required for
these populations, as suggested recently in the literature.7 25

Finally, although we did not assess cefazolin clearance before
or after surgery, one study reported no change in clearancewhen
comparing preoperative and intraoperative PK analyses in an
adult population undergoing elective spinal fusion with internal
fixation.18 We speculate that this is also true for children and
that the current recommended standard dosing of cefazolin
every 6–8 h for perioperative SSI prophylaxis or treatment doses
for skin and soft tissue infections treated with cefazolin may not
be sufficient. These are important areas for future research.

Themost common side-effect related to themicrodialysis ca-
theters was minor bleeding (defined as one to three drops of
blood) during insertion of the catheter. There were no instances
of significant bleeding (defined as >1 ml of blood), haematoma
formation, or concern for infection related to the microdialysis
catheter. Microdialysis is a research method that is feasible to
use during paediatric surgical procedures.

Limitations of this study include the fact that data collection
was limited to the intraoperative period, and our conclusions
may not be applicable to all other paediatric surgical populations.
Although the largest study of its kind in the paediatric literature,
our studywas performed on a relatively small sample size. In add-
ition, as there are no paediatric studies linking tissue concentra-
tions to wound infections, we have to rely on this inference from
adult studies26 27 and extrapolated PK–PD principles. Although
the microdialysis catheters were placed adjacent to the surgical
site, the measured cefazolin concentrations may not entirely
reflect those located in the surgical field or at the site of hardware
insertion. Finally, this study was not powered to determine the
association between PK variability and development of an SSI.

The appropriate administration of antibiotic prophylaxis has
been shown to decrease SSI rates both for general paediatric

surgical populations28 and specifically for children undergoing
spinal fusion procedures.4 6 General statements in dosing guide-
lines9 and the increasing practice of intrawound antibiotic ad-
ministration7 25 29 30 during spinal instrumentation highlight
the importance of achieving adequate tissue concentrations of
an appropriate antibiotic to decrease the incidence of SSIs in
these populations. Our results suggest that the dosing strategy
of cefazolin used in this study is likely to be adequate for AIS pa-
tients undergoing PSF for intraoperative SSI prophylaxis against
MSSA but might not prevent infections from some common
Gram-negative pathogens. Future investigations on optimizing
intraoperative and postoperative tissue concentrations of anti-
biotics used for prophylaxis are warranted and should focus on
achieving appropriate PK–PD objectives.
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