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Abstract
Prosthetic joint infection after total knee arthroplasty is an infrequent, yet serious complication. Antimicrobial prophylaxis plays an important role in reducing the rate of surgical site
infections. To be effective as an antimicrobial prophylaxis, the serum, tissue and bone concentrations of the antibiotic must be greater than the target organism’s minimum inhibitory
concentration. As antibiotic resistance increases current intravenous prophylactic dosing has
been shown to be subtherapeutic for some patients. Intravenous regional administration and
intraosseous regional administration of prophylactic antibiotics are novel methods used to
increase the antibiotic tissue concentrations, which may enhance the efﬁcacy of prophylactic
antibiotics in total knee arthroplasty. Currently, literature has shown both intravenous
regional administration and intraosseous regional administration to be safe and effective
techniques. However, there is no clinical evidence to show that it results in a reduction of
prosthetic joint infection rates. This study summarizes the current knowledge base on the
use of regional administration of prophylactic antibiotics in total knee arthroplasty.

Introduction
Prosthetic joint infection (PJI) after total knee arthroplasty (TKA) is
a leading cause of arthroplasty failure and is a tremendous burden
for patients as well as the healthcare industry. Despite rigorous
efforts to reduce infection rates, the reported incidence after primary TKA persists between 0.86% and 2.5%.1,2 Coagulase negative Staphylococcus (CoNS) and Staphylococcus aureus are the
most common organisms, accounting for two-thirds of PJI
infections.2
Prophylactic antibiotics have been shown to reduce infection
rates in arthroplasty by providing protection against the bacteria
most likely to cause contamination during surgery.3 To be effective
as an antimicrobial prophylaxis, the serum, tissue and bone concentrations of the antibiotic must be greater than the target organism’s
minimum inhibitory concentration (MIC).4 Current intravenous
(IV) antibiotic prophylaxis dosing has been shown to be sub therapeutic for some patients.5 A novel technique to administer prophylactic antibiotics via an intraosseous regional administration
(IORA) has recently been studied and described by Young et al.5–7
His technique has been shown to provide signiﬁcantly higher tissue
concentrations around the knee which may provide better protection
against sensitive bacterial strains.5–8 The use of intravenous
regional administration (IVRA) in TKA was analysed by de Lalla
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et al. The results of her studies demonstrated higher tissue concentrations, lower infection rates and no adverse effects as a result of
regional administration.9,10

Current guidelines
Current literature recommends the IV administration of 2 g Cephazolin in adults under 120 kg and 3 g in adults over 120 kg undergoing
joint replacements.11 The use of cephalosporin as prophylactic antibiotics have been shown to reduce deep infection rates in joint arthroplasty to 0.7–0.9% in comparison to 3.3–7.6% with placebo.12,13
Alternative regimes for those with cephalosporin hypersensitivity or
at high risk of methicillin-resistant Staphylococcus aureus (MRSA)
infections include using Clindamycin, Teicoplanin or Vancomycin.11
In clinical practice, however, there is a great variance in surgical antibiotic prophylaxis regimes for joint replacement surgery.14

Requirements for effective antibiotic
prophylaxis
The MIC is the lowest concentration of an antimicrobial that will
inhibit the visible growth of a microorganism.15 Regular surveillance of MICs is required due to a continuing increase in antibiotic
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Fig. 1. Demonstrating how a higher MIC of bacteria affects
concentration- and time-dependent killing of vancomycin and cefazolin.
(Adapted from Quintiliani16 with permission.)

resistance among pathogenic organisms. There is great variety in
reported MIC between different sites and for different antibiotics.
Cephalosporins are time-dependent antibiotics. The effectiveness
of the drug can be simpliﬁed to the time the serum/tissue concentration remains above the MIC during the dose interval (T > MIC)
(Fig. 1).16 Previously, the cefazolin MIC90 for CoNS has been
reported at 0.5–1.0 μg/mL; however, as cephalosporin resistance
among CoNS has increased there have been reports of MIC90 as
high as 100 μg/mL.17
As antibiotic resistance increases the vast majority of MRSA and
CoNS remains sensitive to vancomycin, leading it to be proposed
as an alternative prophylactic agent.2 Vancomycin exhibits
concentration-dependent killing. The effectiveness of the drug can
be simpliﬁed to the peak serum/tissue concentration above the MIC
(peak/MIC) (Fig. 1).16 Surveillance studies show that the vancomycin MIC is 1.0 μg/g for MRSA and 2.0 μg/g for CoNS.18 Once concentrations are four to ﬁve times the MIC, further increases do not
alter the killing rate.19,20 This means the ability to achieve tissue
concentrations of vancomycin four to ﬁve times the MIC is an
important factor in reducing bacterial growth and joint infection.

Intravenous systemic antibiotics
Current guidelines for the administration of antibiotics prior to surgery are based on the assumption that those antibiotics reach tissue
concentrations above the MIC. While serum antibiotic concentrations remain the standard practice for determining whether antibiotic exposures have been reached, the importance of bone
concentrations and subcutaneous fat concentrations have been suggested to play a role in the development of deep surgical site
infections.17,21–23
Recent research has shown that pathogenic organisms are becoming increasingly resistant to cephalosporin antibiotics and require a
signiﬁcantly higher MIC to prevent infections. A study by Yamada
et al. assessed serum and bone concentrations of patients who had
either 1 g or 2 g prophylactic IV dose of cefazolin prior to undergoing TKA or total hip arthroplasty. While all serum and bone concentrations exceeded the MIC for methicillin-sensitive S. aureus,
no bone levels exceeded the MIC for cefazolin-resistant CoNS.17
This study used several nationwide surveys that reported on cefazolin susceptibility of methicillin-sensitive S. aureus and CoNS in
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Japanese subjects to determine the variability of MIC for these
pathogenic organisms. That data showed the MIC90 was 100 μg/g
or greater in over half the reported species of CoNS.
Numerous studies have assessed bone or synovial concentrations
of antibiotics with different IV prophylactic antibiotic protocols.21,24,25 A study done by Sharareh et al. investigated antibiotic
concentrations in the bone of patients undergoing TKA or total hip
arthroplasty who received weight-based dosing protocols of cefazolin and vancomycin. The study had an average cefazolin bone concentration of 6.01 μg/mL and vancomycin bone concentration of
3.12 μg/mL for TKA. In this study 15% of the patients failed to
reach an MIC of 2.0 μg/g in the cefazolin group and 20% of
patients failed to reach an MIC of 2.0 μg/g in the vancomycin
group.21 Prats et al. investigated synovial tissue concentrations in
patients receiving 2 g Cefonicid IV prior to TKA, this study established a reference value of 8 μg/g as the MIC based on previous literature. The mean tissue concentration was initially 23.16 μg/g at
the start of the procedure and gradually declined to 15.45 μg/g by
the end of the procedure.24 Gergs et al. found the mean antibiotic
concentrations in cortical and cancellous bone in patients undergoing TKA who were treated with 2 g ceftriaxone was below 20 and
12 μg/g, respectively.25 This study does not identify MIC of ceftriaxone for CoNS or S. aureus.
These studies demonstrate the range of antibiotic tissue concentrations sampled from around the joint in patients receiving IV antibiotics. While vancomycin levels reached the target MIC, its tissue
concentration is not optimal for reducing bacterial growth, which
requires concentrations four to ﬁve times the MIC.19,20 Furthermore, Cephalosporin dosing regimens may not reach high enough
concentrations to exceed the MIC for certain cephalosporinresistant CoNS.17

Regional antibiotics
Due to concerns that conventional intravenous systemic antibiotic
administration may not provide adequate tissue concentrations,
regional administration techniques have emerged as alternative
techniques to deliver prophylactic antibiotics.6,17 There are two
methods of regional administration of antibiotics, each of which are
not routinely used in primary TKA or outlined for use in prophylactic antibiotic guidelines. Both techniques require the use of a tourniquet to provide an antibiotic ‘bier’s block’ within the limb. The
antibiotics are administered via IVRA, with foot vein cannulation;
or IORA, via the proximal tibia (Table 1).

Intravenous regional administration
Since 1908, it has been recognized that injection of drugs into a
vein of a limb isolated by a tourniquet above, achieves higher tissue
concentrations than the same drug administered systemically.26
IVRA for patients undergoing TKA involves prophylactic antibiotics being given into a foot vein after tourniquet inﬂation. Studies
have measured the bone and tissue concentrations in patients undergoing TKA after IVRA to evaluate its efﬁcacy.10,27,28 Hoddinott
et al. was the ﬁrst to demonstrate that IVRA into a foot vein was
effective in achieving and maintaining higher tissue concentrations
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Table 1 Advantages of regional administration versus disadvantages of IVRA and IORA
Advantages of regional administration
Higher antibiotic tissue concentrations
Lower antibiotic dosing
Reduced systemic side effects
May have the potential beneﬁt of reducing
prosthetic joint infections

Disadvantages of IVRA

Disadvantages of IORA

Potentially challenging and time
consuming foot vein cannulation
Requires tourniquet
No current guidelines

Risk of compartment syndrome
due to extravasation of ﬂuid
Risk of fat emboli
Require Tourniquet
No current guidelines

IORA, intraosseous regional administration; IVRA, intravenous regional administration.

in patients undergoing TKA than in those receiving conventional
systemic prophylaxis.27 A study by de Lalla et al. compared tissue
concentrations in patients undergoing TKA following 800 mg teicoplanin administered IV 2.5 h preoperatively versus 400 mg teicoplanin through a foot vein prior to incision. The tissue
concentrations from the samples (skin, subcutaneous tissue, bone
and synovium) obtained from patients undergoing IVRA were
found to be 2–10 times higher than those achieved following systemic prophylaxis.10 A follow up study by de Lalla et al. investigated the efﬁcacy and safety of using IVRA of 400 mg teicoplanin
in patients undergoing TKA. The study followed 160 patients
(205 knees) for a minimum of 2 years. The results were one superﬁcial infection of the primary site which was attributable to intraoperative contamination. This is in comparison to the institutions
infections rates prior to IVRA which ranged from 1% to 1.5% for
deep infections and 1–2% for superﬁcial infections following TKA.
None of the patients experienced any local or systemic adverse
effects.9
IVRA of antibiotics has also been studied in other elective lower
and upper limb surgeries, namely foot and elbow.29–31 These studies all identiﬁed that the delivery of regional antibiotic prophylaxis
achieved higher antibiotic tissue concentration than those achieved
with standard systemic delivery. None of these studies identiﬁed
any local or systemic adverse effects.

Complications of IVRA
While the studies that look at IVRA of antibiotics do not mention
any speciﬁc complication, the difﬁculties may be that cannulation
of the foot vein can be challenging and time consuming. Complications classically associated with the use of IV access such as hematoma, extravascular injection, phlebitis and thrombophlebitis are
unlikely to be of any consequence due to the short duration of cannulation. These are the same potential complications that can arise
from systemic administration of IV antibiotics via cannulation of
the upper limb.

Intraosseous regional administration
Intraosseous (IO) techniques for ﬂuid resuscitation were originally
developed for paediatric patients but its use in adults is increasing
as an alternative choice for vascular access in emergency situations.
IORA of antibiotics has been used for some time in veterinary medicine for the treatment of equine infections.32–35 Recently, it has
gained attention in orthopaedics as a method to deliver prophylactic
antibiotics to the limb as a ‘bier’s block’.
© 2018 Royal Australasian College of Surgeons

The current literature assessing IORA of prophylactic antibiotics
in humans is led by Young et al.5–7 The delivery technique
described by Young et al. is via an IO cannula placed into the
medial aspect of the proximal tibia at the level of the tibial tuberosity, after draping and before skin incision. The needle in situ allows
injection of antibiotics, occurring after tourniquet inﬂation.5 Their
studies demonstrated that antibiotics delivered via IORA provided
higher tissue concentrations in bone and subcutaneous fat samples
compared to IV administration.5,6 Antibiotic tissue concentration in
subcutaneous fat and femoral bone samples were analysed from
patients receiving the same dose of cefazolin via systemic IV
administration or IORA. The results showed a 10–15-fold increase
in the tissue concentrations from the group receiving antibiotics via
IORA. The mean subcutaneous fat tissue concentration was
186 μg/g in the IO group versus 10.6 μg/g in the systemic group.
The mean tissue concentration in the bone was 130 μg/g in the IO
group and 11.4 μg/g in the systemic group.6 This demonstrates that
IORA achieved tissue concentrations above the required MIC90 of
100 μg/mL reported among cephalosporin-resistant CoNS.17
Similar results were demonstrated with IORA of vancomycin.
Patients who received 250 mg IORA had a higher mean tissue concentration of vancomycin in their subcutaneous fat and bone than
those randomized to receive 1 g IV. The difference in tissue concentrations were 14 μg/g in the 250 mg IORA group versus
3.2 μg/g in the systematic group in subcutaneous fat and 16 μg/g in
the 250 mg IORA group versus 4.0 μg/μg in the systemic group.5
This study demonstrated that low-dose IORA of vancomycin
resulted in higher tissue concentrations than systemic administration. Importantly as vancomycin exhibits concentration-dependent
killing the ability of IORA to reach higher tissue concentrations
should provide more effective antibiotic prophylaxis. The study
identiﬁed further beneﬁts of IORA, including optimized timing of
vancomycin administration and the potential for the lower-dose to
reduce side effects such as red-man syndrome.5
A similar study was recently published by Young et al. examining vancomycin tissue concentrations using IORA in revision
TKA.7 The study compared 1 g systemically administered versus
500 mg via IORA. The tissue concentrations were found to be
5–20 times higher in the group of patients who had their antibiotics
delivered by IORA despite lower dose and a period of tourniquet
deﬂation during surgery. The study did not identify problems with
IO administration resulting from the previous tibial implant.
To determine whether the higher antibiotic tissue concentrations
provided more effective prevention against surgical site infections,
Young et al. used a mouse model to test the hypothesis. Mice were
randomized to one of six prophylaxis regimes followed by surgical
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implantation of a k-wire and wound inoculation with S. aureus.
The prophylactic regimes were control, systematic cefazolin, IORA
cefazolin, high-dose systematic vancomycin, subtherapeutic lowdose systematic vancomycin and IORA vancomycin. Bacterial
loads 4 days post-surgery showed mice treated with high-dose systemic vancomycin, IORA of vancomycin or IORA of cefazolin had
lower in vivo S. aureus burdens. The results of the study indicated
that IORA was more effective than same-dose antibiotics given systematically in reducing S. aureus colony forming units in samples
taken from the prosthesis in the knee tissue.
There is no current standard of practice for how IORA of antibiotics
is to be given or guidelines around dosages. In the studies by Young
et al. participants received antibiotics through an EZ-IO (Vidacare,
San Antonio, TX, USA; FDA approved) IO cannula, placed into the
medial aspect of the tibia, after draping and prior to skin incision. Antibiotic dosages were then delivered in a 200 mL saline bolus.5,6

Complications of IO
The potential issues with IORA are unknown. An equine case study
identiﬁed osteomyelitis and osteonecrosis following IO perfusion
with gentamicin.36 However, complications with IO access for ﬂuid
resuscitation are uncommon, between 0.3% and 1% of insertions.37,38 Compartment syndrome due to extravasation of ﬂuid
from incorrect needle placement is the most common complication.38 Other serious complications include osteomyelitis, cellulitis
and skin abscesses which are all linked to prolonged IO access use
which is not the case with IORA for antibiotic prophylaxis.39
Currently, no articles report a direct involvement of IO perfusion
in fat emboli syndrome in humans.40 Although in an animal study
microscopic pulmonary fat and marrow emboli were found in the
lungs of animals after IO access and cardiopulmonary resuscitation.
Interestingly, fat emboli were also found in lungs of animals with
cardiopulmonary resuscitation and no IO access. This study concluded that the use of IO did not increase the risk of fat embolization in the animal model; however, more research into the risk of
fat embolization was needed.41 As fat emboli syndrome is a recognized nonsurgical complication following TKA it is difﬁcult to
identify if the fat emboli is from IO ﬂuid administration or from the
tibial and femoral canal being instrumented.42–44

Discussion
PJIs are one the most devastating complications of TKAs. As antibiotic resistance increases, updates of the antibiotic prophylactic guidelines and identiﬁcation of novel prophylactic strategies needs to
occur. Current evidence suggests that the administration of IV Cephazolin could be subtherapeutic in its ability to treat cephalosporinresistant CoNS and this could be a potential issue as half of all PJIs
are caused by CoNS.17 The regional administration of antibiotics is a
novel technique to provide higher tissue concentrations, which may
enhance the efﬁcacy of prophylactic antibiotics in TKA.5,6,8
The only current clinic evidence to show that using IVRA results
in a reduction of PJI rates is from de Lalla et al.9 However, as PJI
rates after primary TKA are low the results are not of statistical significance. Further prospective randomized trials comparing IVRA versus
standard systemic prophylactic antibiotics would be required.
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There is currently no clinical evidence to show that using IORA
results in a reduction of PJI rates. As PJI rates after primary TKA are
low, it is difﬁcult to conduct an appropriately powered prospective randomized control trial to compare IV versus IO prophylactic antibiotics.
It may be difﬁcult for surgeons to start adopting regional administration of prophylactic antibiotics into their clinical practice, as
current guidelines do not support this method. While the current literature has shown regional administration to be a safe and effective
technique, it is unlikely that exclusive use would be approved in
many health services. Despite this there is reasonable evidence to
support abandoning IV administration if using regional administration. Further research demonstrating a reduction in PJI rates as a
result of either IVRA or IORA compared to IV prophylactic antibiotics is required for the technique to become recommended in clinical practice guidelines. For surgeons wishing to adopt IORA of
prophylactic antibiotics, a pragmatic approach is required to integrate this technique into their clinical practice. To maintain compliance with current guidelines, surgeons could administer IO
antibiotics in addition to conventional IV prophylactic antibiotics.
While this would result in patients receiving a higher total dose of
perioperative antibiotics, the therapeutic safe range for ﬁrst generation cephalosporins would not be breached. Alternatively, additional low dose vancomycin could be administered via the IO route.
Young et al. identiﬁed the potential beneﬁts of using IO vancomycin as the systemic dosage can be reduced; thereby reducing systemic side effects such as nephrotoxicity, ototoxicity or red man
syndrome.5 The routine administration of vancomycin and using
double antibiotics for prophylaxis does go against antibiotic stewardship guidelines and raises the potential issue of bacterial resistance. A change in guidelines and practice is an ideal time to audit
both the beneﬁts and complications of the chosen method and compare them to either consultants in the same hospital or historical
controls. If the guidelines are not changed enabling IVRA and/or
IORA then a change in practice by using double antibiotics will
never provide data to change the guidelines in the future and these
novel methods will always be contra to current guidelines.
It will be important for surgeons who do adopt regional administration of prophylactic antibiotics to keep clinical data on this technique, not only demonstrate clinical efﬁcacy, but to also report on
potential complications.
Intravenous and IORA of prophylactic antibiotics in TKA is a
novel way to increase the tissue concentrations of prophylactic antibiotics. Current evidence suggests this technique has the potential
to reduce PJI rates and support a change in guidelines, though further research is required to establish clinical efﬁcacy.

Conﬂicts of interest
None declared.

References
1. Blom AW, Brown J, Taylor AH, Pattison G, Whitehouse S,
Bannister GC. Infection after total knee arthroplasty. J. Bone Joint
Surg. Br. 2004; 86: 688–91.
© 2018 Royal Australasian College of Surgeons

Administration of prophylactic antibiotics

2. Nickinson RSJ, Board TN, Gambhir AK, Porter ML, Kay PR. The
microbiology of the infected knee arthroplasty. Int. Orthop. 2010; 34:
505–10.
3. Carlsson AK, Lidgren L, Lindberg L. Prophylactic antibiotics against
early and late deep infections after total hip replacements. Acta Orthop.
Scand. 1977; 48: 405–10.
4. Bratzler DW, Houck PM. Antimicrobial prophylaxis for surgery: an
advisory statement from the National Surgical Infection Prevention Project. Clin. Infect. Dis. 2004; 38: 1706–15.
5. Young SW, Zhang M, Freeman JT, Mutu-Grigg J, Pavlou P,
Moore GA. The Mark Coventry award: higher tissue concentrations of
vancomycin with low-dose intraosseous regional versus systemic prophylaxis in TKA: a randomized trial. Clin. Orthop. Relat. Res. 2014;
472: 57–65.
6. Young SW, Zhang M, Freeman JT, Vince KG, Coleman B. Higher
cefazolin concentrations with intraosseous regional prophylaxis in
TKA. Clin. Orthop. Relat. Res. 2013; 471: 244–9.
7. Young SW, Zhang M, Moore GA, Pitto RP, Clarke HD, Spangehl MJ.
The John N. Insall Award: higher tissue concentrations of vancomycin
achieved with intraosseous regional prophylaxis in revision TKA: a randomized controlled trial. Clin. Orthop. Relat. Res. 2018; 476: 66–74.
8. Young SW, Roberts T, Johnson S, Dalton JP, Coleman B, Wiles S.
Regional intraosseous administration of prophylactic antibiotics is more
effective than systemic administration in a mouse model of TKA. Clin.
Orthop. Relat. Res. 2015; 473: 3573–84.
9. de Lalla F, Viola R, Pellizzer G, Lazzarini L, Tramarin A, Fabris P.
Regional prophylaxis with teicoplanin in monolateral or bilateral total
knee replacement: an open study. Antimicrob. Agents Chemother. 2000;
44: 316–9.
10. de Lalla F, Novelli A, Pellizzer G et al. Regional and systemic prophylaxis with teicoplanin in monolateral and bilateral total knee replacement procedures: study of pharmacokinetics and tissue penetration.
Antimicrob. Agents Chemother. 1993; 37: 2693–8.
11. Bratzler DW, Dellinger EP, Olsen KM et al. Clinical practice guidelines
for antimicrobial prophylaxis in surgery. Am. J. Health Syst. Pharm.
2013; 70: 195–283.
12. Doyon F, Evrard J, Mazas F, Hill C. Long-term results of prophylactic
cefazolin versus placebo in total hip replacement. Lancet 1987; 329: 860.
13. Hill C, Flamant R, Mazas F, Evrard J. Prophylactic cefazolin versus
placebo in total hip replacement. Report of a multicentre double-blind
randomised trial. Lancet 1981; 1: 795–6.
14. Hickson CJ, Metcalfe D, Elgohari S et al. Prophylactic antibiotics in
elective hip and knee arthroplasty: an analysis of organisms reported to
cause infections and national survey of clinical practice. Bone Joint
Res. 2015; 4: 181–9.
15. Andrews JM. Determination of minimum inhibitory concentrations.
J. Antimicrob. Chemother. 2001; 48: 5–16.
16. Quintiliani R. Pharmacodynamics of antimicrobial agents: timedependent vs concentration-dependent killing. 2004. Available from
URL: http://www.antimicrobe.org/h04c.ﬁles/history/PK-PD%20Quint.asp
17. Yamada K, Matsumoto K, Tokimura F, Okazaki H, Tanaka S. Are bone
and serum cefazolin concentrations adequate for antimicrobial prophylaxis? Clin. Orthop. Relat. Res. 2011; 469: 3486–94.
18. Tenover FC, Moellering RC Jr. The rationale for revising the Clinical
and Laboratory Standards Institute vancomycin minimal inhibitory concentration interpretive criteria for Staphylococcus aureus. Clin. Infect.
Dis. 2007; 44: 1208–15.
19. Hidayat LK, Hsu DI, Quist R, Shriner KA, Wong-Beringer A. Highdose vancomycin therapy for methicillin-resistant Staphylococcus
aureus infections: efﬁcacy and toxicity. Arch. Intern. Med. 2006; 166:
2138–44.
© 2018 Royal Australasian College of Surgeons

5

20. Larsson AJ, Walker KJ, Raddatz JK, Rotschafer JC. The concentrationindependent effect of monoexponential and biexponential decay in vancomycin concentrations on the killing of Staphylococcus aureus under aerobic
and anaerobic conditions. J. Antimicrob. Chemother. 1996; 38: 589–97.
21. Sharareh B, Sutherland C, Pourmand D, Molina N, Nicolau DP,
Schwarzkopf R. Effect of body weight on cefazolin and vancomycin
trabecular bone concentrations in patients undergoing total joint arthroplasty. Surg. Infect. (Larchmt.) 2016; 17: 71–7.
22. Scaglione F, de Martini G, Peretto L et al. Pharmacokinetic study of
cefodizime and ceftriaxone in sera and bones of patients undergoing hip
arthroplasty. Antimicrob. Agents Chemother. 1997; 41: 2292–4.
23. Graziani AL, Lawson LA, Gibson GA, Steinberg MA, MacGregor RR.
Vancomycin concentrations in infected and noninfected human bone.
Antimicrob. Agents Chemother. 1988; 32: 1320–2.
24. Prats L, Valls J, Ros J, Jover A, Pérez-Villar F, Fernández-Martínez JJ.
Inﬂuence of the ischaemic tourniquet in antibiotic prophylaxis in total
knee replacement. Rev. Esp. Cir. Ortop. Traumatol. 2015; 59: 275–80.
25. Gergs U, Clauss T, Ihlefeld D et al. Pharmacokinetics of ceftriaxone in
plasma and bone of patients undergoing hip or knee surgery. J. Pharm.
Pharmacol. 2014; 66: 1552–8.
26. Bier A. Ueber einen neuen Weg Local anasthetic an den Gliedmassen
zu erzeugen. Arch. Klin. Chir. 1908; 86: 1007–16.
27. Hoddinott C, Lovering AM, Fernondo HC, Dixon JH, Reeves DS.
Determination of bone and fat concentrations following systemic cefamandole and regional cefuroxime administration in patients undergoing
knee arthroplasty. J. Antimicrob. Chemother. 1990; 26: 823–9.
28. Lazzarini L, Novelli A, Marzano N et al. Regional and systemic prophylaxis with teicoplanin in total knee arthroplasty: a tissue penetration
study. J. Arthroplasty 2003; 18: 342–6.
29. Miller BS, Harper WP, Hughes JS, Sonnabend DH, Walsh WR.
Regional antibiotic prophylaxis in elbow surgery. J. Shoulder Elbow
Surg. 2004; 13: 57–9.
30. Tsourvakas S, Alexandropoulos C, Efstathiou C, Savidis G, Polizou H,
Kesoglou K. Comparative study of systemic intravenous and regional
intravenous administration of prophylactic antibiotic in lower extremity
orthopaedic surgery. Eur. J. Orthop. Surg. Traumatol. 2009; 19: 457–60.
31. Dounis E, Tsourvakas S, Kalyvas L, Tzivelekis P, Papakalou E,
Giamarellou H. Regional intravenous versus systemic intravenous prophylactic administration of third-generation cephalosporins (ceftazidime
and ceftriaxone) in elective foot surgery. The Foot 1995; 5: 133–6.
32. Rubio-Martinez L, López-Sanromán J, Cruz AM, Santos M, San
Román F. Medullary plasma pharmacokinetics of vancomycin after
intravenous and intraosseous perfusion of the proximal phalanx in
horses. Vet. Surg. 2005; 34: 618–24.
33. Rubio-Martinez LM, Elmas CR, Black B, Monteith G. Clinical use of
antimicrobial regional limb perfusion in horses: 174 cases (1999–2009).
J. Am. Vet. Med. Assoc. 2012; 241: 1650–8.
34. Rubio-Martinez LM, López-Sanromán J, Cruz AM, Tendillo F,
Rioja E, San Román F. Evaluation of safety and pharmacokinetics of
vancomycin after intraosseous regional limb perfusion and comparison
of results with those obtained after intravenous regional limb perfusion
in horses. Am. J. Vet. Res. 2006; 67: 1701–7.
35. Butt TD, Bailey JV, Dowling PM, Fretz PB. Comparison of 2 techniques
for regional antibiotic delivery to the equine forelimb: intraosseous perfusion vs. intravenous perfusion. Can. Vet. J. 2001; 42: 617–22.
36. Parker RA, Bladon BM, McGovern K, Smith KC. Osteomyelitis and
osteonecrosis after intraosseous perfusion with gentamicin. Vet. Surg.
2010; 39: 644–8.
37. Greenstein YY, Koenig SJ, Mayo PH, Narasimhan M. A serious adult
intraosseous catheter complication and review of the literature. Crit.
Care Med. 2016; 44: e904–9.

6

Symonds et al.

38. Petitpas F, Guenezan J, Vendeuvre T, Scepi M, Oriot D, Mimoz O. Use of
intra-osseous access in adults: a systematic review. Crit. Care 2016; 20: 102.
39. Luck RP, Haines C, Mull CC. Intraosseous access. J. Emerg. Med.
2010; 39: 468–75.
40. Orlowski JP, Julius CJ, Petras RE, Porembka DT, Gallagher JM. The
safety of intraosseous infusions: risks of fat and bone marrow emboli to
the lungs. Ann. Emerg. Med. 1989; 18: 1062–7.
41. Fiallos M, Kissoon N, Abdelmoneim T et al. Fat embolism with the use
of intraosseous infusion during cardiopulmonary resuscitation. Am.
J. Med. Sci. 1997; 314: 73–9.

42. Alfonso DT, Toussaint RJ, Alfonso BD, Strauss EJ, Steiger DT,
Di Cesare PE. Nonsurgical complications after total hip and
knee arthroplasty. Am. J. Orthop. (Belle Mead NJ) 2006; 35:
503–10.
43. Lee SC, Yoon JY, Nam CH, Kim TK, Jung KA, Lee DW. Cerebral fat
embolism syndrome after simultaneous bilateral total knee arthroplasty:
a case series. J. Arthroplasty 2012; 27: 409–14.
44. Kim YH. Incidence of fat embolism syndrome after cemented or
cementless bilateral simultaneous and unilateral total knee arthroplasty.
J. Arthroplasty 2001; 16: 730–9.

© 2018 Royal Australasian College of Surgeons

View publication stats

