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Population pharmacokinetic 
model of cefazolin in total hip 
arthroplasty
J. Lanoiselée1,2*, R. Chaux3, S. Hodin1, S. Bourayou2, A. Gibert1, R. Philippot4, S. Molliex1,2, 
P. J. Zufferey1,2, X. Delavenne1,5 & E. Ollier1,3

Cefazolin is an antibiotic recommended for infection prevention in total hip arthroplasty 
(THA). However, the dosing regimen necessary to achieve therapeutic concentrations in obese 
patients remains unclear. The aim of this study was to conduct a population analysis of cefazolin 
pharmacokinetics (PK) and assess whether cefazolin administration should be weight adapted in 
THA. Adult patients undergoing THA surgery received an injection of 2000 mg of cefazolin, doubled 
in the case of BMI > 35 kg/m2 and total body weight > 100 kg. A population PK study was conducted 
to quantify cefazolin exposure over time compared to the therapeutic concentration threshold. 
A total of 484 cefazolin measurements were acquired in 100 patients, of whom 29% were obese. 
A 2-compartment model best fitted the data, and creatinine clearance determined interpatient 
variability in elimination clearance. Our PK simulations using a 2000 mg cefazolin bolus showed that 
cefazolin concentrations remained above the threshold throughout surgery, regardless of weight or 
renal function. A 2000 mg cefazolin single injection without adaptation to weight or renal function and 
without intraoperative reinjection was efficient in maintaining therapeutic concentrations throughout 
surgery. The optimal target concentration and necessary duration of its maintenance remain unclear.

Postoperative surgical site infections (SSIs) are a common complication following total hip arthroplasty (THA) 
surgery. Deep prosthetic joint infections (PJIs) occur with an incidence ranging from 0.1 to 11.1%1 and are associ-
ated with poor outcomes in terms of in-hospital length of stay, rehospitalization and reoperation2. They result in 
an altered quality of life for the patients3 and increased medical costs for the healthcare system3.

Antimicrobial prophylaxis is the most effective strategy to prevent PJIs4. Cefazolin, a first-generation cepha-
losporin, is currently administered for routine perioperative use to every patient undergoing THA. It possesses 
good properties in terms of its bioavailability, cost-effectiveness and tissue distribution5–7. Its broad spectrum 
of antimicrobial activity covers the most common pathogens responsible for SSI, namely, coagulase-negative 
Staphylococci (CoNS) and Staphylococcus aureus, which contribute to 50–60% of PJIs8.

The maximum effect for effective prophylaxis with cefazolin is obtained when serum concentrations exceed 
the minimum inhibitory concentration (MIC) against the target bacteria throughout surgery9. However, the 
dosing regimen necessary to achieve such concentrations remains unclear. Creatinine clearance seems to influ-
ence cefazolin concentrations over time10. However, it is unknown whether an adaptation to body weight could 
optimize cefazolin exposure during surgery.

Current guidelines regarding perioperative antibiotic prophylaxis in THA recommend a dose adjustment to 
patient weight11–13, but other recommendations did not address this issue14. From a pharmacokinetic (PK) per-
spective, this strategy lacks scientific justification15. The results of studies regarding cefazolin concentrations after 
prophylactic administration in obese patients are heterogeneous. Guidelines recommending an increased cefa-
zolin dosing in obese patients were determined on the basis of small studies with patients undergoing bariatric 
surgery or caesarean section 16. Obese patients receiving a 2 g injection did not develop a significantly higher SSI 
rate compared with non-obese patients, but there were trends toward an increase, justifying the recommendation 
considering the low cost and favourable safety profile of cefazolin. One PK modelling study evaluated cefazolin 
exposure in THA surgery, but the authors of this work did not include obese patients in their study population10.

OPEN

1Dysfonction Vasculaire et Hémostase, INSERM, U1059, 42023  Saint‑Étienne, France. 2Département 
d’Anesthésie‑Réanimation, CHU de Saint-Etienne, 42055  Saint‑Étienne, France. 3Unité de Recherche Clinique 
Innovation et Pharmacologie, CHU de Saint-Etienne, 42055  Saint‑Étienne, France. 4Service de Chirurgie 
Orthopédique et Traumatologique, CHU de Saint-Etienne, 42055  Saint‑Étienne, France. 5Laboratoire de 
Pharmacologie Toxicologie, CHU de Saint-Etienne, 42055  Saint‑Étienne, France. *email: julien.lanoiselee@
chu-st-etienne.fr

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-99162-7&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2021) 11:19763  | https://doi.org/10.1038/s41598-021-99162-7

www.nature.com/scientificreports/

The aim of this study was to conduct a population analysis of cefazolin PK in adult patients undergoing THA 
to quantify the factors responsible for cefazolin PK variability, evaluate their effect on drug exposure and assess 
whether cefazolin administration could be optimized in obese patients undergoing THA surgery.

Materials and methods
We performed a PK study based on data from a randomized trial in THA comparing two regimens of tranexamic 
acid (TXA) administration with a PK/PD analysis. Residual blood sampled from the TXA study was used to 
perform the cefazolin PK analysis17.

Study design.  The PeriOpeRative Tranexamic acid in hip arthrOplasty (PORTO) study was conducted in 
accordance with the ethical principles stated in the Declaration of Helsinki, Good Clinical Practices and relevant 
French regulations regarding ethics and data protection. The protocol and amendments were approved by the 
relevant central independent ethics committee (Comité de Protection des Personnes Sud-Est1). This study is 
registered at the French National Agency for Medicines and Health Products Safety (ANSM; ref: 130908A-21), 
EudraCT (ref: 2013-000791-15) and ClinicalTrials.gov (no. NCT02252497).

Consecutive patients aged over 18 years undergoing cementless primary unilateral THA surgery at the Uni-
versity Hospital of Saint Etienne, France, were enrolled for inclusion between April 2014 and December 2015. 
Subjects were included in the study if they were scheduled to receive cefazolin for antibiotic prophylaxis.

The choice of anaesthesia was left to the discretion of the anaesthetists. Cefazolin was administered according 
to the French guidelines for antibiotic prophylaxis in patients undergoing THA18. Patients received a direct intra-
venous bolus injection of 2000 mg of cefazolin at anaesthesia induction, with a 1000 mg redosing in case of sur-
gery duration longer than 4 h. This dose was doubled in cases of BMI > 35 kg/m2 and total body weight > 100 kg. 
All patients were operated on in a lateral position through a posterior approach.

Sample collection and drug assay.  Venous blood samples were drawn into lithium heparin-coated tubes 
at the following times: 3 min and 20 min after the bolus of cefazolin, at the end of surgery, and 3 h and 8 h after 
the bolus of cefazolin.

The samples were stored at -80 °C until analysis. Total plasma cefazolin concentrations were measured using 
an Ultimate U3000 liquid chromatography system (Thermo Fisher Scientific) coupled with a Q-Exactive Plus 
mass spectrometer (Thermo Fisher Scientific).

The analyses were performed in positive ionization in parallel reaction monitoring mode at a resolution of 
35 000 (at m/z 200) both for cefazolin in plasma samples (mass/charge [m/z] 455.03732) and for the internal 
standard ([13C2,15N]-cefazolin; m/z 458.04089). A target ion (for quantification) and a confirming ion were 
monitored. For cefazolin and its IS, the target ions were m/z 323.05563 and 326.0593, confirming that the ions 
were m/z 295.06079 and m/z 298.06424, respectively.

The mobile phase was a mixture of (A) 0.1% formic acid in water and (B) 0.1% formic acid in acetonitrile, 
applied as a gradient to a Hypersild Gold C18 column (50 mm × 2.1 mm, 3 μm) (Thermo Fisher Scientific). 
Samples were prepared by dilution of 50 µL of the plasma sample with 500 µL of methanol. After centrifugation, 
50 µL of supernatant was diluted in 1 mL of IS in water. The method was linear over the concentration range of 
5–500 mg/L. The lower limit of quantification was 5 mg/L. The inter- and intraday precisions were evaluated at 
four quality control levels, and the coefficients of variation were under 10%.

Model development and evaluation.  Data were analysed using MONOLIX modelling software (version 
4.3, release 3, Lixoft) as previously described19,20. Cefazolin concentrations were analysed using the following 
nonlinear mixed-effect model framework:

where Obsij denotes the observed concentration measured for patient i at time j; the function F(tij,ϕi) corresponds 
to the concentration predicted by the model for patient i at time j with individual PK parameters ϕ, and param-
eters a and b being the constant and proportional components, respectively, of the error model with εij ~ N (0, 1).

We used the stochastic approximation expectation maximization algorithm to estimate the maximum likeli-
hood of the model21. The model was built according to a stepwise procedure, with initial identification of the 
best structural model for cefazolin PK without covariates, by estimating 1-, 2-, and 3-compartment PK models.

We then evaluated the effect of covariates on cefazolin exposure. The covariates tested included age, various 
body size descriptors such as total body weight (TBW), body mass index (BMI) and lean body weight (LBW), 
creatinine clearance (CrCL) according to the Cockcroft-Gault (C&G) formula22 and the Chronic Kidney Dis-
ease–Epidemiology Collaboration (CKD-EPI) formula23, and sex. Covariates were tested using a stepwise pro-
cedure and were kept in the model if they improved the goodness of fit, reduced interindividual variability and 
decreased the Bayesian Information Criteria (BIC) in comparison to the previous model. Covariates were tested 
with allometric scaling according to the following equation [using clearance (CL) as an example]:

where CLi and CrCLi are the individual values of CL and CrCL, respectively, for patient i, CLPOP is the estimated 
typical population value of CL, θCrCL is the estimated effect factor for CrCL, and ηi is the random effect for patient 
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i, assumed to be normally distributed with a mean of zero and a variance equal to ω2
CL

 (N[0,ω2
CL

]). CrCLi is centred 
on 80 to provide an estimation of CL for the typical CrCL value in our population.

Model evaluation was based on inspection of the prediction-corrected visual predictive check (pred-corrected 
VPC)24 and the goodness of fit, using the dataset used to build the model. The pred-corrected VPC was obtained 
by generating 1000 simulations of the subject’s PK parameters using the final model. The capacity of the model 
to predict the observed data was evaluated by comparing the distribution of the simulated concentrations with 
the observations. The goodness of fit was determined by plotting the observed values versus the population pre-
dictions of the model, the normalized prediction distribution errors (NPDE) versus time and the NPDE versus 
predictions25. Selection of covariates was performed using a forward stepwise algorithm using the Bayesian 
information criterion (BIC), the model with the lowest BIC being the best model to describe the data26.

PK simulations.  Finally, we generated PK simulations using our population model to characterize the effect 
of significant covariates on cefazolin PK, evaluate cefazolin exposure over time compared to the therapeutic con-
centration threshold, and assess whether a dose adjustment to body weight according to the French guidelines 
could optimize cefazolin exposure in obese patients. Current guidelines for antibiotic prophylaxis recommend 
free plasma concentrations to exceed the MIC of the antimicrobial during surgical procedure11. As we measured 
total plasma concentrations, we calculate the target concentration threshold taking into account a 80% rate of 
protein binding found in the literature for cefazolin in non-obese27 and obese patients28. The MIC of cefazolin 
for the most common bacteria responsible for SSI after clean orthopaedic surgery is acknowledged to be 4 mg/
L29,30, equivalent to 20 mg/L with respect to total plasma concentrations. Then, we calculated the Probability 
Target Attainment (PTA) at skin closure and at 4 h (recommended duration for redosing). For safety evaluation, 
we compared cefazolin concentrations to a cutoff value of 360 mg/L, which is associated with neurotoxicity for 
prolonged concentrations above this threshold31. Concentrations up to 1000 mg/L showed no toxicity on kid-
neys cells in vitro32. Simulations were generated with Mlxplore software (version 2016R1, Lixoft). Graphs of the 
results were generated using R software (version 3.2.2) with the ggplot2 package (version 2.1.0).

Institutional review board statement.  The study was conducted according to the guidelines of the 
Declaration of Helsinki and approved by the relevant central independent ethics committee (Comité de Pro-
tection des Personnes Sud-Est1). This study is registered at the French National Agency for Medicines and 
Health Products Safety (ANSM; ref: 130908A-21), EudraCT (ref: 2013-000791-15) and ClinicalTrials.gov (no. 
NCT02252497).

Informed consent statement.  Informed consent was obtained from all subjects involved in the study.

Results
Patients and data sampled.  One hundred patients were enrolled in this work, with a mean age of 67 years 
(range 24–91), a mean total body weight of 76 kg (range 48–123) and a mean CrCL according to the CKD-EPI 
formula of 83 mL/min/1.73 m2 (range 17–129). Nine patients (9%) presented renal impairment (8% with CrCL 
30 to 60 mL/min/1.73 m2 and 1% with CrCL < 30 mL/min/1.73  m2). Twenty-nine patients (29%) were obese 
(BMI > 30 kg/m2). Ninety-six patients received a single dose of 2000 mg of cefazolin before surgical incision. One 
patient (1%) experienced SSI (deep PJI requiring prosthesis explantation at 1 year). Table 1 displays the patient 
characteristics. A total of 484 cefazolin concentration measurements were acquired for PK analysis. The mean 
time between cefazolin injection and surgical incision was 0.85 h (range 0.18–2.23). The mean surgery duration 
was 1.16 h (range 0.49–2.48).

Population PK model.  A 2-compartment model best described cefazolin concentrations. We estimated 
interpatient variability for the following PK parameters: elimination clearance (CL), volume of the central com-
partment (Vc), intercompartmental clearance (Q) and volume of the peripheral compartment (Vp), with a cor-
relation between Vc and CL. For all parameters, the random effect variance ω2 was a variance covariance matrix 
with only one extra diagonal term corresponding to the covariance between Vc and CL, and shrinkage was less 
than 10%. Residual variability was best described by a proportional error model.

The covariate analysis indicated that interpatient variability for parameter CL was best explained by CrCL 
according to the CKD-EPI formula. With regard to the other covariates investigated, no relevant interindividual 
variability was detected for parameters Vc, Q and Vp. Table 2 shows the PK parameter estimates for the model. 
Interpatient variability in CL in the final model decreased by 18% after covariate inclusion compared to the initial 
values estimated by the model without covariates. Inclusion of covariates resulted in a 68.51-point reduction 
in the BIC.

The pred-corrected VPC (Fig. 1) showed that the observations were easily included in the 90% prediction 
interval of the simulated data, confirming the good predictive performance of the model. The goodness of fit 
plots showed no apparent bias in model prediction (Figs. 2, 3).

PK simulations.  Simulations of the cefazolin concentration–time course after a 2000 mg single dose were 
investigated using the model to illustrate the effect of CrCL over time of drug exposure (Fig. 4). Table 3 presents 
four different CrCL profiles and the PTA to remain above the therapeutic threshold of 20 mg/litre 2.01 h (mean 
duration from cefazolin injection to skin closure in our study) and 4 h after cefazolin injection in each group. 
These results showed that the period of time above the threshold increased with renal impairment. However, 
regardless of renal function, cefazolin concentrations remained systemically above the threshold throughout the 
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entire surgical period. Figure 5 displays the concentration–time course after cefazolin administration according 
to the French guidelines (4000 mg if BMI > 35 kg/m2 and total body weight > 100 kg with a 2000 mg redosing at 
4 h) compared to a 2000 mg single dose with a 1000 mg redosing at 4 h. In the five patients examined, cefazolin 
concentrations remained above the therapeutic threshold throughout the surgical period and during 4 h with 
both doses. In case of surgery longer than 4 h, a 1000 mg redosing was effective to remain above the threshold. A 
2000 mg redosing was associated with a longer duration spent above the toxic threshold of 360 mg/L.

Discussion
In this study, a population PK analysis was conducted to quantify cefazolin variability in patients undergoing 
THA surgery and to evaluate whether a dose adjustment to weight could optimize cefazolin exposure in obese 
patients.

Table 1.   Baseline patient characteristics. BMI Body mass index, CrCl Creatinine clearance according to the 
CKD-EPI formula.

Patient characteristics Number/mean (range)

Age (years) 67 (24–91)

Sex

Male 51

Female 49

Total body weight (kg) 76 (48–123)

BMI (kg/m2)

 < 30 71

30–35 24

 > 35 5

CrCl (mL/min/1.73 m2)

 > 60 81

30–60 8

 < 30 1

Total cefazolin dose (mg)

2000 96

3000 1

4000 3

Time from injection to incision (h) 0.85 (0.18–2.23)

Surgery duration (h) 1.16 (0.49–2.48)

Table 2.   Estimates of population parameters for model building. Model 1: model without covariates; model 2: 
final model including covariates. RSE Relative standard error, CL Clearance, Vc Central volume of distribution, 
Vp Peripheral volume of distribution, Q Intercompartmental clearance, CrCl Creatinine clearance (mL/min) 
according to the CKD-EPI formula, Ω Random effect variance for each parameter, BIC Bayesian information 
criteria.

Parameter

Estimate (% RSE)

Model 1 Model 2

CL (L/h) = Ɵ1 × (CrCL/80)Ɵ2 – –

Ɵ1 2.87 (3.92) 2.86 (3.26)

Ɵ2 0 0.79 (10.6)

Vc (L) 4.97 (7.93) 5.2 (6.89)

Q (L/h) 10.5 (11.2) 10.9 (11.9)

Vp (L) 4.73 (3.99) 4.56 (3.07)

ΩCL 39 (7.57) 32 (7.46)

ΩVc 59 (9.92) 57 (9)

ΩQ 60 (15.6) 66 (15)

ΩVp 15 (31.8) 10 (71.8)

Correlation between CL and Vc 0.71 (12.6) 0.83 (5.81)

Proportional residual variance (%) 12 (5.16) 12 (4.9)

BIC 4279.77 4211.26
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The final model developed consisted of a 2-compartment model, where interpatient variability in clearance 
was best explained by creatinine clearance. During the performance of our study, another PK parametric study 
was performed with cefazolin in THA surgery10. The values of the PK parameters estimated in this study were 
similar to those estimated in our model. The authors also highlighted the effect of renal function on cefazolin 
exposure. However, there were some limitations to the previous work due to a limited sampling design. The 
authors of this study developed their model on the basis of sparse data, and their measurements did not extend 
longer than 4 h after cefazolin administration. Elimination clearance estimation was more robust in our study 
due to the higher number of cefazolin concentrations measured. Moreover, in our study, residual concentrations 
were measured until 8 h after cefazolin administration. Finally, Komatsu’s study was performed in a Japanese 
population. Ethnicity is known to be a factor affecting drug PK, and these results may not be applicable to a 
Caucasian population33.

Among the various body size descriptors tested in our covariate analysis, weight did not affect cefazolin con-
centrations. However, subjects with a large range of body weights were included in our study population, with 
29% being obese patients. These results were in accordance with previous studies performed with cefazolin in 
THA surgery10,34. Cefazolin is a water-soluble antibiotic that does not penetrate adipose tissue regardless of intra-
venous dose, and drug disposition is not affected to a great extent by body weight, as the volume of distribution 
of such a hydrophilic drug remains quite stable15. A literature review showed that cefazolin concentrations were 
not affected by body weight15. Regarding our simulations (Fig. 5), increasing cefazolin dosing in obese patients 
did not improve cefazolin exposure during surgery. A 2000 mg single dose was sufficient to maintain therapeutic 
concentrations throughout the intraoperative period in the five obese patients simulated in our study. In case of 
surgery longer than 4 h, a 1000 mg redosing was efficient to remain above the threshold, a 2000 mg redosing being 
associated higher concentrations above the toxic threshold of 360 mg/L. Therefore, dosing guidelines concerning 
weight adaptation for cefazolin administration in obese patients undergoing THA surgery should be revised.

PK simulations using our final model were conducted to evaluate the influence of creatinine clearance on 
cefazolin concentrations (Fig. 4). Regarding these simulations, the presence of renal failure increased the duration 
for which cefazolin concentrations were above 20 mg/litre. However, after a 2000 mg single injection, cefazolin 
concentrations were systematically above the therapeutic threshold throughout surgery, regardless of CrCL. PTA 
was close to 100% for each profile of renal function at skin closure and at 4 h. Thus, adjusting cefazolin adminis-
tration to renal function in THA does not seem to be obligatory regarding the range of concentrations observed 
in our study. A single 2000 mg preoperative dose without adaptation to CrCL efficiently reaches therapeutic 

Figure 1.   Prediction-corrected visual predictive check of the pharmacokinetic model. The 5th, 50th and 95th 
prediction intervals from the simulated concentrations of cefazolin are plotted against time, with the observed 
data superimposed. Blue and orange shaded areas are confidence interval of the prediction interval (dashed 
line).
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concentrations throughout the entire surgical period. However, the presence of renal failure may lead to over-
dosing using this strategy. But using our simulations, the toxic threshold of 360 mg/L was never reached after a 
single dose. To our knowledge, no antibiotic nephrotoxicity has been demonstrated for such doses of cefazolin.

Regarding our simulations, intraoperative redosing to maintain therapeutic concentrations during surgery 
was not necessary. THA is a short operation, and a single 2000 mg preoperative dose efficiently reached cefa-
zolin concentrations above the efficacy threshold during the entire intraoperative period. Therefore, it seems 
unnecessary to propose multiple doses to optimize cefazolin administration in THA. These results seem to be 
in accordance with other clinical studies, suggesting that a single dose of antibiotic prophylaxis with cefazolin 
is as effective as multiple doses for SSIs prevention after THA surgery12,35. Nevertheless, the optimal duration 
of cefazolin prophylaxis remains unclear. Cephalosporins are time-dependent antibiotics36, and a time above 
the MIC should be taken into consideration for optimal antimicrobial activity. It is unknown whether cefazolin 
concentrations should be kept above the therapeutic threshold up to 24 h to improve antibiotic prophylaxis 
efficacy. The results from previous studies demonstrate that a longer duration above the MIC is associated with a 
better outcome in patients presenting infection in intensive care37. However, the relationship between antibiotic 
prophylaxis duration and cefazolin and the SSIs rate after THA has not been established.

This work has several limitations. First, the biologic threshold for cefazolin effective prophylaxis was acknowl-
edged to be 4 mg/L in our study, with respect to free plasma concentrations. As we measured total plasma con-
centrations, we took into account a 80% extent of of protein binding to calculate a new threshold of 20 mg/L with 
respect to total concentrations. While it is demonstrated that the optimal bactericidal activity of beta-lactam is 
achieved when antibiotic concentrations attain fourfold the MIC against the aimed pathogens38,39, it is unclear 
whether these concentrations should be similar for SSIs prevention and for infection treatment. Current guide-
lines for antibiotic prophylaxis recommend that the free plasma concentrations should exceed the MIC of the 
antimicrobial during surgical procedure11. CoNS and Staphylococcus aureus are the most encountered bacteria 
involved in SSI after THA surgery8. The MIC of Staphylococcus aureus is usually ≤ 2 mg/L and the MIC of CoNS 
is higher (≤ 4 mg/L)29,30. Thus, we chose a 4 mg/L target for effective prophylaxis. But we did not evaluate the 
relation between antibiotic exposure after prophylactic administration and SSI rate after surgery. In fine, the 

Figure 2.   Goodness of fit plots. The black line represents the identity line. Blue circles represent the observed 
concentrations versus the corresponding predicted concentrations. The yellow line represents the trend line. Left 
panel: plot of the observed plasma concentrations (mg/L) versus population predicted plasma concentrations 
(PRED) (no random component). Right panel: plot of the observed plasma concentrations (mg/L) versus 
individual predicted plasma concentration values (IPRED) (with random component).
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Figure 3.   Goodness of fit plots. The black line represents the identity line. NPDE, normalized prediction 
distribution errors.

Figure 4.   Simulations of the concentration–time course of cefazolin after a 2000 mg bolus. The simulations 
illustrate the effect of CrCL on cefazolin exposure over time in a patient with a CrCL of 30 mL/min/1.73 m2 (left 
panel), 60 mL/min/1.73 m2 (middle left panel), 90 mL/min/1.73 m2 (middle right panel) or 120 mL/min/1.73 m2 
(right panel). The red dashed lines correspond to the 20 and 360 mg/litre concentration thresholds. Black solid 
lines correspond to the mean cefazolin concentrations. Coloured shaded areas correspond to the interpatient 
variability intervals estimated in our model. The grey stripe represents the surgery duration. Simulations were 
performed using R software (version 3.2.2) with the ggplot2 package (version 2.1.0). R Core Team (2016). R: A 
language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 
URL https://​www.R-​proje​ct.​org/. Wickham H (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-
Verlag New York. ISBN 978–3-319–24,277-4, https://​ggplo​t2.​tidyv​erse.​org.

https://www.R-project.org/
https://ggplot2.tidyverse.org
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biologic threshold used in this study may be inappropriate. The relationship between cefazolin exposure and SSI 
should be evaluated with a PK/PD analysis.

Another limitation of this study is that we only took CoNS and methicillin-sensitive Staphylococcus aureus 
into consideration as the targets of cefazolin prophylaxis. However, the increasing prevalence of methicillin-
resistant Staphylococcus aureus (MRSA) and cefazolin-resistant coagulase-negative staphylococci (CRCoNS) 
should be a cause for concern40. Whereas MRSA is usually not reported as a contaminant in clean orthopaedic 
surgery41, the increasing resistance of CoNS strains over the years must be taken into consideration42. Some 
authors have proposed reaching higher levels of cefazolin concentrations to target the MIC of cefazolin against 
CRCoNS40. However, the high doses necessary to reach such concentrations could lead to overdosage and tox-
icity, and the relationship between cefazolin concentrations and postoperative infections has not been shown. 
Moreover, the rate of PJI in our population remained nonsignificant (1%). Thus, it appears unnecessary to reach 
higher concentration thresholds to target CRCoNS.

Finally, we did not measure antibiotic concentrations at the target site. Current guidelines recommend reach-
ing therapeutic concentrations at the location of surgery for optimal antimicrobial effects43. As antibiotics may 
not be equally distributed throughout body tissues after intravenous administration, one can consider that it is 
necessary for an antibiotic to reach therapeutic concentrations in the plasma and at the local target site44. How-
ever, a review that investigated the tissue distribution of cefazolin in orthopaedic surgery reported that there was 
a wide range of target site concentrations among the studies evaluated45. In Komatsu’s study, PK modelling at the 
target site was developed from 1 sample point per patient. Moreover, the volume of distribution of 36 L for the 
synovial capsule found in their study might be inappropriate. In fact, this volume is not identifiable and it could 

Table 3.   Estimated probability target attainment (PTA) using PK simulations with four different CrCL profiles 
after a 2000 mg single dose of cefazolin. CrCL Creatinine clearance (mL/min) according to the CKD-EPI 
formula.

CrCl (mL/min/1.73 m2) PTA at 2.01 h (%) PTA at 4 h (%)

120 100 94.5

90 100 99.8

60 100 100

30 100 100

Figure 5.   Simulations of the concentration–time course of cefazolin for the five patients included in the study 
with BMI > 35 kg/m2 and total body weight > 100 kg after a 4000 mg bolus followed by a 2000 mg at 4 h (purple 
line) and after a 2000 mg bolus followed by a 1000 mg at 4 h (green line). The red dashed lines correspond to the 
20 and 360 mg/litre concentration thresholds. Grey stripe represents to the surgery duration. Simulations were 
performed using R software (version 3.2.2) with the ggplot2 package (version 2.1.0). R Core Team (2016). R: A 
language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 
URL https://​www.R-​proje​ct.​org/. Wickham H (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-
Verlag New York. ISBN 978–3-319–24,277-4, https://​ggplo​t2.​tidyv​erse.​org.
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have been fixed to an a priori anatomical value in order to perform a better estimation. In total, it appears that 
Komatsu et al. were probably not in a position to report Vp estimation in an effective way. However, their results 
showed that cefazolin concentrations in the hip joint capsule were approximately 10% of the corresponding serum 
concentrations10. Cefazolin is a water-soluble drug with strong protein-binding characteristics, and it probably 
does not penetrate the hip joint capsule. However, the infection rate in our study remained insignificant. Thus, 
the tissue distribution of cefazolin and its implications in the prevention of postoperative infections need to be 
assessed in additional studies.

In conclusion, we developed a PK model of cefazolin for adult patients undergoing THA surgery. Cefazolin 
interindividual PK variability was partly explained by CrCL. Our PK simulations showed that a 2000 mg single 
injection without adaptation to weight or renal function and without intraoperative reinjection was efficient at 
maintaining therapeutic plasma concentrations throughout the entire surgical period. Dose adjustment to weight 
in obese patients did not improve cefazolin exposure. However, the optimal plasma and target site concentrations 
to reach and the duration at which these concentrations should be maintained remain unclear. Further research 
should be conducted to investigate the PK/PD relationship between cefazolin exposure and SSI after THA surgery.
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