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Abstract

Context: There is a need to find the optimal doses and any need for weight adjustment in patients who have higher than standard BMI. 
There is also a need to determine if repeating doses of antibiotics is necessary when the surgery takes longer than usual.
Evidence Acquisition: Delegates in workgroup 3 of the consensus meeting on PJI reviewed English literature for relevant articles. 28 of 221 
articles were relevant to the 2 following questions regarding perioperative antibiotic prophylaxis to prevent PJI.
Results: Preoperative antibiotics have different pharmacokinetics based on patient weight and should be weight-adjusted. An additional 
dose of antibiotic should be administered intraoperatively after two half-lives of the prophylactic agent. The general guidelines for 
frequency of intraoperative antibiotic administration are provided. We recommend that re-dosing of antibiotics be considered in cases of 
large blood volume loss (> 2000 cc) and fluid resuscitation (> 2000 cc). As these are independent variables, re-dosing should be considered 
as soon as the first of these parameters are met.
Conclusions: Recommendations for need for weight adjustment doses and repeat of doses in longer duration surgeries in terms of 
perioperative antibiotic prophylaxis in hip and knee arthroplasty were provided based on evidences in the literature and consensus of 
expert delegates from consensus meeting.
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1. Context
Decision making in adjusting the doses of antibiotic pro-

phylaxis based on patients’ weight and need for repeating 
doses in longer duration surgeries need to be defined.

2. Evidence Acquisition
From November 2012 till August 2013, 400 delegates 

from all over the world formed 15 workgroups to review 
the current literature and find high level evidence for all 
issues related to PJI. Workgroup No. 3 (authors) was as-
signed to review current literature on perioperative an-
tibiotics. The goal was to find answers and recommenda-
tions for more than 264 questions based on the high level 
evidence if present or reach to a consensus when there is 
a lack of high level evidence.

After 10 months of hard work by delegates from 58 coun-
tries and 100 societies, relevant publications reviewed, com-
munications exchanged and finally a draft was prepared to 
be presented for vote at the final meeting on 1st of August 
2013. The draft included recommendations for manage-
ment on the basis of high level of evidence if present.  Oth-

erwise the cumulative wisdom of 400 delegates from 58 
countries and over 100 societies used to reach consensus 
about practices lacking higher level of evidence.

3. Results

3.1. Question 15
For surgeries of longer duration, when should an addi-

tional dose of antibiotic be administered intraoperatively?

3.2. Consensus
An additional dose of antibiotic should be administered in-

traoperatively after two half-lives of the prophylactic agent. 
The general guidelines for frequency of intraoperative anti-
biotic administration are provided. We recommend that re-
dosing of antibiotics be considered in cases of large blood 
volume loss (> 2000 cc) and fluid resuscitation (> 2000 cc). 
As these are independent variables, re-dosing should be con-
sidered as soon as the first of these parameters are met.

http://shafaorthoj.com/en/index.html
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3.3. Delegate Vote
The results were as follows: agree: 94%; disagree: 5%; ab-

stain: 1% (strong consensus).

3.4. Justification
In cases of large blood volume loss and fluid resuscita-

tion there is a remarkable loss of the prophylactic agent 
that can result in levels below the MIC. The same is true 
for longer surgeries that extend beyond the half-life of the 
agent. Thus, additional antibiotic treatment is needed to 
re-establish antibiotic levels that exceed the MIC. An addi-
tional dose of antibiotic has been shown to reduce SSI rates 
in cardiac patients and should be administered intraop-
eratively after two half-lives of the prophylactic agent (1-3).

The AAOS recommendations for the use of IV antibiotic 
prophylaxis in primary TJA, recommendation 2, states that 
timing and dosage of antibiotic administration should be 
such to optimize the efficacy of the therapy. Both the IDSA 
and AAOS state that “Additional intraoperative doses of 
antibiotic are advised when the duration of the procedure 
exceeds one to two times the antibiotic’s half-life or when 
there is significant blood loss during the procedure”.

The general guidelines for frequency of intraoperative 
antibiotic administration are as follows: cefazolin every 
2 - 5 (4) hours, cefuroxime every 3 - 4 hours, clindamycin 
every 3 - 6 hours, isoxazoyl penicillin every 3 hours, and 
vancomycin every 6 - 12 hours (4-6).

In a prospective multicenter study exploring the relation-
ship between timing, duration, and intraoperative redos-
ing of surgical antimicrobial prophylaxis and the risk of SSI, 
Steinberg et al. determined that intraoperative dosing was 
associated with a lower infection risk only when the pre-
operative antibiotic was given in the recommended time 
frame. In 1,062 (24%) cases, the surgical procedure lasted for 
at least 4 hours. Because of a longer half-life and the reduced 
need for redosing, cases that received vancomycin or fluoro-
quinolones were excluded from the analysis of the impact 
of redosing on infection risk (n = 372). Intraoperative redos-
ing was given in 21% of 690 of these long operations. Of the 
group that had a surgical procedure with a duration of > 4 
hours and who received the preoperative dose within one 
hour, 2 of 112 (1.8%) patients who were redosed intraopera-
tively developed infection, compared to 22 of 400 (5.5%) of 
those who were not re-dosed (OR: 3.08; P = 0.06) (7).

Scher randomized 801 patients undergoing clean 
contaminated operations to one of three antibiotic 
regimens: 1 g of cefazolin preoperatively, 1 g of cefazolin 
preoperatively and another dose 3 hours later, and 1 g of 
cefotetan preoperatively. While all regimens demonstrat-
ed similar wound infection rates for surgeries lasting less 
than 3 hours, for those that exceeded 3 hours, the group 
that only received the single preoperative cefazolin dose 
had a statistically significant higher wound infection 
rate than those who received the second cefazolin dose 
(6.1% vs 1.3%, P < 0.01) (8).

Shapiro et al. performed a placebo-controlled RCT to 

test the efficacy of perioperative cefazolin in prevent-
ing infection after abdominal or vaginal hysterectomy. 
The authors sub-analyzed the effect of surgery duration 
on the efficacy of perioperative prophylaxis by calculat-
ing adjusted relative odds of infection with and without 
prophylaxis for different durations of surgery and found 
that the efficacy of prophylaxis diminishes rapidly with 
increasing length of surgery; by 3 hours, 20 minutes pro-
phylaxis had no measurable effect (OR = 1) (9).

Polk et al. prospectively analyzed the antibiotic levels of 
3 cephalosporins (cefazolin, cephaloridine, and cephalo-
thin) given as a single preoperative dose and found that 
acceptable concentrations of cefazolin were maintained 
near the incision site until 3 hours postadministration, 
whereas cephalothin did not maintain wound levels con-
sistent with effective antimicrobial activity (10).

Ohge et al. prospectively examined the pancreatic tis-
sue concentrations of cefazolin in 10 patients undergo-
ing pancreatectomy and determined the optimal intra-
operative time to repeat the dose of cefazolin. Based on 
their results, the authors recommended a second dose of 
kefzol be given 3 hours after first administration in order 
to maintain adequate levels of antibiotic activity. They 
measured MIC for 4 bacterial species, namely 360 isolates 
of MSSA, 204 isolates of K. pneuomoniae, 314 isolates of 
E. coli, and 30 isolates of streptococci species; and mea-
sured tissue levels of cefazolin. Antibiotic concentrations 
in adipose tissue and peritoneum 3 hours after adminis-
tration of kefzol were lower than the MIC 80 for K. pneu-
moniae, E. coli, and streptococcal species (7).

In a retrospective review of 131 patients with primary 
colorectal cancer in prolonged operations exceeding 4 
hours, the surgical wound infection rates were 8.5% and 
26.5% respectively for those with (n = 47) and without (n 
= 49) intraoperative repeated dosing, which were signifi-
cantly different based on both a univariate (P = 0.031) and 
a multivariate analysis (P = 0.008) (11).

Zanetti et al. retrospectively compared the risk of SSIs in 
1,548 patients who underwent cardiac surgery lasting > 
240 minutes after preoperative administration of cefazo-
lin prophylaxis. The overall risk of SSI was similar among 
patients with (43 (9.4%) of 459) and without (101 (9.3%) of 
1089) intraoperative redosing (OR 1.01, 95% CI 0.7 - 1.47). 
However, redosing was beneficial in procedures last-
ing > 400 minutes; infection occurred in 14 (7.7%) of 182 
patients with redosing and in 32 (16.0%) of 200 patients 
without (adjusted OR 0.44, 95% CI 0.23 - 0.86). Intraopera-
tive redosing of cefazolin was associated with a 16% reduc-
tion in the overall risk for SSI after cardiac surgery, includ-
ing procedures lasting > 240 minutes (2, 3).

3.5. Blood Loss
Swoboda et al. attempted to determine the effect of in-

traoperative blood loss on prophylactic cefazolin and gen-
tamicin serum and tissue concentration in a prospective 
study of elective spinal surgical procedures with expected 
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large blood loss. At 60 minutes after the incision, blood 
loss correlated with cefazolin tissue concentrations (r = 
-0.66, P = 0.05) and the clearance of gentamicin from the 
tissues (r = 0.82, P = 0.01). Based on their measured phar-
macokinetic values, additional doses of cefazolin should 
be administered when the operation exceeds 3 hours and 
blood loss is greater than 1500 mL. A dose of gentamicin 
greater than 1.8 mg/kg should be administered more than 
30 minutes prior to the surgical incision (12).

3.6. Blood Loss/Volume Replacement
Markantonis et al. investigated the effects of surgical 

blood loss and fluid volume replacement on gentamicin 
concentrations in serum and in 3 tissue types (subcutane-
ous fat, epiploic fat and colonic wall) in patients in under-
going colorectal surgery. Gentamicin was administered at 
a standard dose of 2 mg/kg and blood and tissue samples 
were obtained concurrently at specific times throughout 
each procedure. The mean concentration at first surgical 
incision was 7.83 (0.82) ƒEg/mL and decreased to 2.60 (0.28) 
ƒE/mL at skin closure, resulting in borderline effectiveness 
even for susceptible gram-negative microorganisms (MIC-
1.0). A strong negative correlation was found between the 
intravenously administered fluids and gentamicin con-
centrations in serum and tissues (P = 0.04) (13).

Klekamp et al. prospectively studied orthopaedic pa-
tients with either large or small blood loss who also re-
ceived vancomycin prophylaxis to determine the effect 
of intraoperative volume shifts on serum vancomycin 
concentrations. There were 6 index patients in the large 
blood loss group (greater than 2 L) and 7 in the control 
group (less than 2 L), with mean estimated blood loss 
for index and controls was 4.4 L and 1.0 L; and the mean 
intraoperative fluid resuscitation, excluding blood prod-
ucts, was 12.4 L and 5.1 L respectively. There was a modest 
inverse correlation between blood loss and the intraop-
erative serum half-life of vancomycin. Although controls 
maintained slightly higher intraoperative vancomycin 
concentrations at each time point, there was no statisti-
cally significant difference between the groups with re-
gard to absolute concentrations or rate of decline. After 8 
hours, the serum concentration of vancomycin exceeded 
the MIC-90 for S. aureus by approximately eightfold in all 
but one case patient, who was morbidly obese and had 
massive blood loss. Thus blood loss during orthopaedic 
procedures has a minimal effect on the intraoperative ki-
netics of vancomycin and administering vancomycin ev-
ery 8 to 12 hours seems appropriate for most patients (14).

Two well-controlled studies of surgical prophylaxis with ce-
fazolin similarly demonstrated minimal effects of blood loss 
on drug concentrations during THA and spine fusion pro-
cedures. Meter et al. examined the effect of intraoperative 
blood loss and volume resuscitation during THA on serum 
levels of cefazolin in 18 patients. At 4 hours after administra-
tion, the serum level of cefazolin was 45 mcg/mL, which far 
exceeded the MIC for S. aureus (0.5 mcg/mL), despite an aver-

age intraoperative blood loss of 1137 ± 436 mL. This led the au-
thors to conclude that even with blood losses of 2 L, it is not 
necessary to redose cefazolin any earlier than 4 hours in or-
der to maintain the MIC for most common infecting organ-
isms (15). The authors repeated the study in 19 patients un-
dergoing instrumented posterior spinal fusion and found 
that there was no significant difference between preopera-
tive and intraoperative cefazolin clearance and there was no 
correlation between blood loss and cefazolin level (16).

3.7. Question 16
Should preoperative antibiotic doses be weight-adjusted?

3.8. Consensus
Preoperative antibiotics have different pharmacokinetics 

based on patient weight and should be weight-adjusted.

3.9. Delegate Vote
The results were as follows: agree: 95%; disagree: 4%; ab-

stain: 1% (strong consensus).

3.10. Justification
Because of the relative unpredictability of pharmacoki-

netics in obese individuals, doses are best estimated on 
the basis of specific studies for individual drugs carried 
out in this population. Only a few antibiotics (aminogly-
cosides, vancomycin, daptomycin, and linezolid) have 
been studied in the obese population.

AAOS recommendation for the use of IV antibiotic pro-
phylaxis in primary TJA, recommendation 2, states that  
gtiming and dosage of antibiotic administration should 
optimize the efficacy of the therapy. Dose amount should 
be proportional to patient weight; for patients > 80 kg, 
the doses of cefazolin should be doubled.

The recommended dose of cefazolin is based on patient’s 
body mass index (BMI), with 1.0 g for people who weigh < 
80 kg and 2.0 g for those who weigh > 80 kg. The adult dose 
of cefuroxime is 1.5 g. The recommended dose of clindamy-
cin is 600 to 900 mg. The recommended dose of vancomy-
cin, which is based on BMI, is 10 – 15 mg/kg, up to a limit 
of 1g, in patients with normal renal function (17). However, 
there is literature to support the use of higher doses of 
vancomycin, with emphasis that doses > 4 g/day have been 
associated with increased risk of nephrotoxicity.

A trough level is obtained prior to the fourth scheduled 
dose and in certain occasions there may be a need to 
shorten dosing interval to maintain therapeutic trough 
level (e.g. q12 hour to q8 hour dosing).

Because 30% of adipose is water, an empirical approach 
is to use the Devine formula to calculate ideal body 
weight (IBW), to which is added a dosing weight correc-
tion factor (DWCF) of 0.3 times the difference between ac-
tual body weight (ABW) and IBW (IBW + 0.3 × [ABWIBW]) 
to arrive at a weight on which to base dosage of hydro-
philic antibiotics. No studies confirm this approach for 
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ƒA-lactam drugs. Clinical studies suggest a DWCF of 0.4 
for aminoglycosides and 0.45 for quinolones (18).

For aminoglycosides, some suggest using ABW using a 
dosing correction factor (19, 20) while others suggest dos-
ing based on lean body weight (LBW) with appropriate 
monitoring with the first dose (21). Current guidelines for 
vancomycin administration are based on loading doses 
of vancomycin on the total body weight (TBW) of the pa-
tient and maintenance doses on the calculated creatinine 
clearance (CrCl) of the patient (20, 22). However, deciding 
whether to base CrCl calculations on ABW, IBW, or another 
measure is still to be determined. As a general rule, obese 
and morbidly obese patients require higher doses of ceph-
alosporin to achieve similar outcomes; however, there 
are fewer absolute dosing recommendations. At least 
one study demonstrated that a dose of 2 g of cephazolin 
should provide adequate levels for at least 4 hours, even in 
super morbid obesity (MO) (BMI = 50 kg/m2) (23).

Other studies confirm that vancomycin should be given 
on the basis of ABW, with dosage adjustments based on 
serum concentrations (24) whereas aminoglycoside dos-
ing requires calculation of adjusted body weight via a 
correction factor (25).

Forse et al. conducted a prospective RCT in MO patients 
undergoing gastroplasty and found that the blood and 
tissue levels of cefazolin were significantly lower for all 
MO patients who received 1 g cefazolin compared with 
the blood and tissue levels of the drug found in normal 
weight patients who received a similar dose of antibiotic. 
Moreover, the MO patients who only received 1 g of cefazo-
lin had antibiotic levels below the MIC of 2 mcg/mL for 
gram-positive cocci and 4 mcg/mL for gram-negative rods. 
The serum and tissue concentrations were adequate only 
when 2 g of cefazolin were administered. Also, relative to 1 
g, the administration of cefazolin 2 g decreased the wound 
infection rate from 16.5% to 5.6% in these MO patients (26).

Van Kralingen et al. studied the influence of body 
weight measures and age on pharmacokinetic param-
eters and evaluated unbound cefazolin concentrations 

over time in obese patients.
Twenty MO patients (BMI = 38 - 79 kg/m2) were studied fol-

lowing the administration of 2 g of cefazolin at induction 
of anesthesia. Blood samples were collected up to 4 hours 
post dosing to determine the total and unbound plasma 
cefazolin concentrations. Cefazolin clearance was 4.2 ± 1.0 
L/h and showed a negative correlation with age (P = 0.003) 
but not with body weight measures (P > 0.05). In all pa-
tients, unbound cefazolin concentrations remained above 
1 mg/L (MIC 90) of MSSA until 4 hours post dosing (27).

Ho et al. attempted to determine an optimal dosing regi-
men for cefazolin as a prophylactic antibiotic in surgery 
for patients with MO. Twenty-five patients undergoing 
elective surgical procedures were given a single dose of ce-
fazolin: 10 with MO (BMI = 40 - 50 kg/m2) received 2 g via in-
travenous push (IVP), 5 with MO received 2 g via 30 minute 
infusion, 5 with super morbid obesity (SMO, BMI > 50 kg/
m2) received 2 g via infusion, and 5 with SMO received 3 g 
via infusion. The protective duration, determined using a 
pharmacodynamic target for fT > MIC of 70%, was 5.1 hours 
for MO2-IVP, 4.8 hours for MO2-INF, 5.8 hours for SMO2-INF, 
and 6.8 hours for SMO3-INF. The authors concluded that a 
single 2 g dose of cefazolin appears to provide antibiotic 
exposure sufficient for most common general surgical 
procedures of < 5 hours duration regardless of BMI (23).

In contrast, Edmiston et al. concluded that 2 g of cefazo-
lin may not be sufficient for patients with a BMI >50 kg/
m2, based upon measurements of total serum concen-
trations in morbidly obese patients undergoing gastric 
bypass. The authors assigned 38 patients to one of 3 BMI 
groups: A) BMI = 40 - 49 kg/m2; (n = 17), B) BMI = 50 - 59 kg/
m2; (n = 11), and C) BMI ≥ 60 kg/m2; (n = 10) and measured 
serum and tissue concentrations of cefazolin. They deter-
mined that therapeutic tissue levels were only achieved 
in 48.1%, 28.6%, and 10.2%% in groups A, B, and C respective-
ly. The authors measured concentrations in the serum 
skin, adipose tissue, and omentum, but did not evaluate 
unbound cefazolin concentrations, which may be expect-
ed to migrate across tissues rapidly (Table 1), (28).

Table 1. Recommended Dosing of Preoperative Antibiotics by Weight
Antimicrobial/Actual Body 
Weight, kg

Recommended Dose, mg
Perioperative 

Redosing Schedule
Indication

Cefazolin Primary perioperative prophylaxis
< 60 1000 every 4 h
60 - 120 2000 every 4 h
> 120 3000 every 4 h

Cefuroxime primary perioperative prophylaxis
No adjustments 1500 every 4 h

Vancomycin
Weight based dosing 
recommended 15 mg/kg 
(Maximum dose 2000 mg)

One dose pre-op, one dose 12 
hours post-op, one dose 24 
hours postop

every 6 - 12 h
perioperative prophylaxis for current MRSA carriers and/
or patients with lactam allergy

Clindamycin
No adjustments 900 every 3 h Perioperative prophylaxis for patients with lactam allergy

Teicoplanin

No adjustments 400 NA
Perioperative prophylaxis for current MRSA carriers and/
or patients with lactam allergy
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4. Conclusions

4.1. Question 15
For surgeries of longer duration, when should an ad-

ditional dose of antibiotic be administered intraopera-
tively?

4.2. Consensus
An additional dose of antibiotic should be adminis-

tered intraoperatively after two half-lives of the prophy-
lactic agent. The general guidelines for frequency of in-
traoperative antibiotic administration are provided. We 
recommend that re-dosing of antibiotics be considered 
in cases of large blood volume loss (> 2000 cc) and fluid 
resuscitation (> 2000 cc). As these are independent vari-
ables, re-dosing should be considered as soon as the first 
of these parameters are met.

4.3. Delegate Vote
The results were as follows: agree: 94%; disagree: 5%; ab-

stain: 1% (strong consensus).

4.4. Question 16
Should preoperative antibiotic doses be weight-adjusted?

4.5. Consensus
Preoperative antibiotics have different pharmacokinetics 

based on patient weight and should be weight-adjusted.

4.6. Delegate Vote
The results were as follows: agree: 95%; disagree: 4%; ab-

stain: 1% (strong consensus).
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